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TECHNICAL NOTE 3271

THERMODYNAMIC PROPERTIES OF GASEQUS NITROGEN

By Harold W. Woolley
SUMMARY

The tables of thermal properties of molecular nitrogen that have
been prepared in an NBS-NACA series have been grouped together herein
for convenient use. They include the thermodynemic functions for the
gas, both real and ideal, the transport properties for the gas, and the
vapor pressure of the liquid and the solid. A teble of the ideal-gas
properties is presented, including the specific heat at constant pres-
sure, enthalpy, entropy, and the free-energy function; and a table giving
these same properties for atomic nitrogen is also included. The tables
of the real-gas thermodynemic properties include density, compressibility
factor, entropy, enthalpy, specific heat at constant pressure, ratio of
specific heats, and velocity of sound at very low frequency.

For the tables of real-gas thermodynamic properties the entries are
for pressures of 0.01, 0.1, 0.%, 0.7, 1, &, 7, 10, 40, 70, and 100 atmos-
pheres. The temperatures cover the range fram 100° K, or slightly above,
up to 3,000o K. The method of correlation of the pressure-volume-
temperature data permits the calculation of tebles far beyond the range
of the experimental points. This is accomplished, with some sacrifice
of fit in certain regions, by the assumption of a reasoneble represen-
tation of the forces within clusters of molecules.

Tables are also included for the viscosity, thermal conductivity,
and Prandtl number. The viscosity 1s tebulated as a function of pressure,
the low-pressure values having been computed on the basis of the force
constants e/k = 91.46° K and r, = 3.68L A for the Lennard-Jones

6-12 model (where € 1s. the maximm energy of binding between molecules,
k 1s Boltzmann's constant, and r, 1s the classical distance of closest

intermolecular approach). The thermal conductivity was fitted to a purely
empirical equation, and the Prandtl number was computed in a straight-
forward manner from these and the specific-heat walues.

The vapor pressure for nitrogen 1s given in a table with values at
every 2° from 520 to 126° K for ready reference and with the values of
logyg P tabulated against uniformly spaced values of l/T to allow

accurate interpolation (where P is pressure and T is absolute temper-
ature). The latent heat of vaporization is also given for the tempera-
ture range 62° to 78° K.
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INTRODUCTION

Advances in methods of propulsion and the high speeds attained
thereby have focused attention on the need for accurate thermodynamic
data on a wide class of substances over wide ranges of pressure and tem-
perature. The substances include air and its constituent gases, actual
and potential fuel systems and their oxidizers, and the products of com-
bustion. This is one of a series of reports on the thermodynamic and
transport properties of technically important gases compiled and calcu-
lated at the Nationsl Bureau of Standards at the suggestion and with the
financial assistance of the Natiomal Advisory Committee for Aeronautics.
The work conducted by members of the Thermodynsmics Section, Heat and
Power Division, under the supervision of Mr. Joseph Hilsenrath, has been
described in part previously (refs. 1 to 5). This report is concerned
with the properties of gaseous nitrogen. Tables are included for the
thermodynsmic functions for the gas, both ideal (tables 1 and 2) and
real (tebles 3 to 9), the transport properties for the gas gta'bles 10
to 12) » and the vapor pressure of the liquid and the solid (table 13).

The computation of a set of mutually consistent tebles of thermo-
dynamic properties of nitrogen has been accomplished through the repre-
sentation of the data of state by a virial equation whose coefficients
were then used to calculate the derived thermodynsmic properties. Since
the experimental PVI data are sbundant, cover a wide range of tempera-
tures and pressures, and are usually very precise, the equation of state
is an effective and efficient starting point for the calculation of the
other thermodynamic quantities.

In the representation of the PVI data for the NBS-NACA tables, the
obJjective was to cover adequately the range of pressure from zero to a
maximm of 100 atmospheres and of temperature fram a minimum of 100° K
upward through the atmospheric and experimental range with a sultable
extrapolation to high temperatures but omitting the effect of dissoci-
ation. The maximm temperatures were thus limited to approximately
3,000° K. As the resulting tables were to be tabulated in terms of pres-
sure for convenient use, the correlation was made directly in terms of
pressure. For most of the range of pressure and temperature desired,
the simple equation

Z = PV/RT = 1 + B{P + C;P? + D;P7 (1)

appeared to be adequate. The coefficients Bl, Cl, and Dl are functions

of temperature and are related to the virilal coefficients in the analogous
equation in powers of reciprocal specific volume. The coefficlents By,

-~
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C1, and D3 are given in taeble 1k for the generation of compressibility

values at the higher pressures where interpolation in the table proves
inadequate. The derivative functions of these coefficients are given
in table 15.

The pressure corrections to various thermodynamic properties were
determined theoretically from the correlation of the data of state and
were combined with the values of the properties for the ideal gas to
obtain the complete real-gas properties apart fram dissociation. In
this way tables 6, T, and 9 were obtained. The methods used are based
on the thermodynamic relationships between the properties and the data
of state and are discussed by Woolley (ref. 2). Many details concerning
the actual computations will be found in succeeding sections of this
report and In the discussions of the tables.

Graphical representation of the estimated dissociation effects for
entropy and enthalpy are included. A higher dissociation energy of
approximately 9.76k electron volts as recommended by Geydon (refs. 6
and T) has been used. A number of lines of experimental evidence
(refs. 7, 8, 9, and 10) are now in agreement in pointing toward this
value in preference to Herzberg's earlier estimate of 7.373 electron
volts (ref. 11). A more extended discussion of the effects of dissoci-
ation for distomic elements i1s given in an earlier report (ref. 12).

If nitrogen is present as one of several components in a gas mixture,
the compressibility depends on interactions between the distinct con-
stituents and is not calculated from the properties of pure constituents
alone. The dissociation effects in such a case may be obtained by
methods given by Huff, Gordon, and Morrell (ref. 13) and by Damkchler
(ref. 14). :

The fundemental physical constants employed in the correlation are
those contained in the National Bureau of Standards tabulstion of selected
values of chemical thermodynemic properties (ref. 15).

The tables are given in dimensionless form and conversion factors
to some frequently used units are given. The pressure intervals were
chosen to facilitate Lagrangian interpolation of the tables. When linear
interpolation in pressure is strictly valid, values for intermediate
pressures have in some cases been omitted. Deviation plots or tables
indicating the agreement or discordance of the experimental data have
been included. These plots also show grephicelly the range and the sbun-
dance or paucity of the experimental data for nitrogen.

The tebles of thermal properties Wwere originally prepared in loose-
leaf form to permit thelr prompt distribution to research workers. They
were arranged in close proximity to conversion factors, text material,
and deviation plots. This desirable feature could not readily be retained
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in this report. The discussion of the tables, including thelr relia-
bility, has been assembled in a separate sectien. The reader is urged
to consult this section prior to the use of the tables. Values of the
gas constant R are listed in table 16. Conversion factors are listed
separately in tables 17 and 18. A temperature interconversion teble

is also presented (teble 19).

The tables in this collection were computed over an extended period
with the essistance of a number of persons. Valuable assistance has been
rendered by Mrs. Lilla Feno who supervised the camputations, some of which
were performed by Mr. ¥. Donald Queen and Miss Mary M. Dunlap. Part of the
calculations were performed by the Computation Laboratory of the Applied
Mathematics Division under the supervision of Miss Irene Stegun. Thanks
are also due to Prof. Y. 5. Touloukian, Dr. R. L. Nuttall, and Mr. J.
Hilsenrath for the tables of transport propertles and to Dr. H. J. Hoge
aid Mr. G. J. King for the vapor-pressure tables.

SYMBOIS
a sound velocity at low frequency, m sec-l or £t sec~1
&g sound velocity at standard conditioms, 336.96 m sec=l or
1,105.5 £t sec™t
B second virial coefficient in 1/V series, a function of

temperature, cmd mole~l

B(O)(T) second virial coefficient fumction, B/b0

By coefficient of P 1in pressure series for PV/RT, atm-l

By' =T aB, far, atmt

Bl“ - T2 deB:L de, a_tnl’-l

bo ‘ characteristic parameter of Lennard-Jones interaction
potential, em® mole -

bso b, for pairs alone as distinct from pairs in larger

clusters, 63 cm’ mole—l

by b, for palrs within a cluster of three, 61.7 em? mole~t
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C third virial coefficient in 1/V series, a function of

.= 2
temperature, (cm? mole'l)
C(O)(T) third virial coefficient function, Q/Loa in simple theory

Cy coefficient of PZ in pressure series for PV/RT, atm=2

Cp' =T acy far, atm?

01" = 12 aCy [ar?, etm2

Cb heat capacity at constant pressure, various units

Cpo heat capacity at constant pressure for ideal gas, verious
units

Cy heat capacity at constant volume, various units

D fourth virial coefficient in 1/V series, a function of

‘temperature, (cm3 m.ole“l>3

Dy coefficient of P2 in pressure series for PV/RT, atm™
Dy’ = T by fam, atm™>

D" = ¢ 4D, aT?, atm™

Edo internal energy for 1 mole of gas 1in ideal-gas state at

o° K; equal to Hbo, enthalpy for same conditions,
various unlts

F free energy per mole in standard state (ideal gas at
1 atmosphere for gaseous substances), various units
H enthalpy per mole, various units
g° enthalpy per mole in stdndard state (ideal gas at 1 atmos-

phere for gaseous substances), various units

Hg® enthalpy per mole in standard state at 0° K, same as Eg°
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equilibrium constant for a chemical reaction, atm®

thermal conductivity, cal em™ sec™l °C~1; also Boltzmann
constant for proportionality of emergy to temperature,

1.38048 x 10-16 erg k-1

thermal conductivity at 273.160 K and 1-atmosphere pressure,
5.71 X 1072 cal em~1l sec-l O¢-1

molecular weight (chemical scale), 28.016 g mole~t

moles of vapor expelled from container dquring vaporization

Prandtl number, ﬂcq/k

pressure, atm or dynes em™2

atmospheric pressure, 1 atm or 1,013,250 dynes cm~2

energy used for vaporization of an emount of liquid

gas constant per mole, 82.0567 cmd atm (°K)~1 mole~l,

1.98719 cal deg-l mole-1, or 8.31#39 abs. j deg-l mole-1
(for velues of R in other dimensions, see table 16)

distance between two molecules

classical distance of closest intermolecular approach at
zero epergy according to Lennard-Jones potential, 3.68 A

entropy for 1 mole, various units

entropy for 1 mole in standard state (ideal gas at 1 atmos-
phere for gaseous substances), various units

absolute temperature, °K or °R
temperature at standard conditions, 27%.16° K

potential energy of interaction of two molecules

volume per mole, cm? mole~l

function in theory of viscosity




NACA TN 3271 7

W function in theory of viscosity
Z compressibility factor
Zy compressibility factor at standard temperature and
pressure, 0.99955 ’
. -V /dp -V/arp
o isentropic expansion coefficient ——-——) = L=
o ’ P(dvs Pdv)T7
4 ratio of specific heats, Cp/cv
€ maximmm energy of binding between molecules with a Lennard-
Jones potential, ergs
é/k characteristic parameter of Iennard-Jones interaction
potential, °K
62/k e/k for pairs alone, 95.42° K
63/1{ ¢/k for pairs within a cluster of three, 97.7° K
| viscosity, polse or g sec"l cm.‘l
o viscosity at 273.16° K and 1 atmosphere, 1,662.5 x 10~ poise
dT -1
B Joule-Thamson coefficient, /)’ deg atm
H
p density, mole cmfa, Amagat units, and so forth
P density at 273.16° K and 1 atmosphere, 14.46338 x 1075 mole cm=3
or 1.25046 x 10-3 g cm=?
T a reduced temperature, kT/e

EXPERTMENTAT, DATA OF STATE FOR NITROGEN

The experimental PVT data for nitrogen extending to elevated pres-
pure are indlcated in figure 1. Here the direct experimental values
of 7 are represented by V(2 - 1) plotted as a function of density,
with values for temperatures in °K adjoining the plotted points. The
deviations of the correlation adopted for the present tables are indi-
cated by the comparison between the solid curves and the plotted exper-
imental points.
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The procedure used in the present correlation in representing the
second and third virial coefficients B and C, related to By and Cy

in equation (1), has been outlined previocusly (ref. 2). The method is

so arranged that it is possible to make use of experimental data on the
pressure dependence of internal energy, enthalpy, specific heat, and
sound velocity for the second virial coefficient and to use Joule-Thomson
data and PVI data for both second and third coefficients. In determining
the parameters for B and C +the PVT data of Michels and coworkers
(refs. 16 and 17) have been welghted heavily using values consistent
with the recent summary of Michels, Iambeck, and Wolkers (ref. 18).

Their data are in the range 0° to 150° C.

The isotherm date of Holborn and Otto (ref. 19) have been corrected
. Por the effect of stretching of the container at elevated pressure and
for individual pressures and temperastures occurring in their evalustion
of the amount of substance present for individual measurements. The need
for correction of their results has been discussed by Cregoe (ref. 20),
As a result of the corrections applied, the points as plotted are not
identical with the figures given in thelr originsl publications. Also,
the data of Michels have been adjusted slightly for the highest temper-
atures for the vapor pressure of the mercury confining the gas.

It was not posslble to obtain an exact £it of the second virial
coefficient to all the good data using en umnmodified 6-12 Lennard-Jones
function. Nevertheless, such a function was used even though it departed
considerably £from the data '(refs. 21 to 23) at the lower temperatures,
because the tables herein are intended primarily for moderate and elevated
temperatures. The parameters to obtaln C and the function for D were
so chosen as to compensate partially for the failure to £it B <for the
actual PVT datae at moderately low temperatures.

In terms of the virial coefficients for 6-12 Lennard-Jones poten-

t1als as tebulated in the dimensionless form B(O)(r) eama c(®)(r) by
Hirschfelder (refs. 24 and 25), the coefficients B; and C, are

represented by

Cy = b32 C(o)('r5> - hl}a(o)(r3):|2 (rT)? + 3B,

o
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where
To = kT/€2
and
Tz = kT/e3
with

fee/k = 95.42° K

b, = 63 em? mole~t

and

ez/k = 97.7° K

bz = 61.7 cmd mole-1

The coefficient Dy is represented empirically as

D, = 0.091442r> - 297.h0T 4+ 111,9845 -
6.9819 x 10%T-6 . 2.4506 x 10~D1-3eL,600/T

After the calculation of the derived tables based on the present
PVT correlation was completed, values of virial coefficients repre-
senting new PVT data of Friedman, White, and Johnston were received
(private communication). At the lower temperatures their values indi-
cate a need for a different extrapolation; at intermedlate and elevated
temperatures they favor the trend of Holborn and Otto (ref. 19). A
complete correlation of PVT data including the region near the critical
point cannot be performed properly when one represents the compressi-
bility factor as a power series in the pressure, because the critical
point 1s a point of singularity for such a representation. The extension
of the correlation to this region of temperature and pressure is possible,
however, if one uses a series in density or 1/V for which no such sin-
gularity occurs. Examination of figure 1 shows that the isotherms in
this representation deviate only slightly from linearity or complete rep-
resentation in terms of B and C alone. Representations of the data
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in the low-temperature region with a density series using only B and C
have been given with considerable success by Claitor and Crawford (ref. 26)
and by Hall and Ibele (ref. 27).

COMPARTSON OF DERIVED QUANTITIES WITH EXPERIMENTAT, DATA

Experimental data on heat capacity, entropy, enthalpy, sound veloc-
ity, and so forth are too sparse to provide directly a tabulation of these
propertlies over an appreciasble temperature and pressure range. Fortu-
nately, it is possible to calculate these quantities when sufficlent dats
of state are availsble. Thermodynamic properties thus calculated from
good PVT data are usually in very satisfactory agreement with the exper-
imenta] data. This section is devoted to a comparison of the derived
thermodynamic quantities with the existing experimental data.

The specific heat at constant pressure was measured by Henry (ref. 28)
for pressures near 1 atmosphere. His method involved the determination
of a temperature difference due to lack of symmetry of the temperature
distribution along a uniformly heated flow tube, together with a com-
parison of the effect with the similar effect for helium. He reduced his
values to specific heat at constant volume. For the present camparison,
his results have been reduced back to the observed specific heats at con-
stant pressure, using his graphically presented experimentsal points. His
tabulated final results are presented as a dashed curve near the experi-
mental points in figure 2, showing percent departures from table 5. His
claimed accuracy was only sbout 1 percent, and his values at his higher .
temperature of 350° C deviate from the computed values by sbout this
amount. At room temperature, for which he suggested 1/2 percent as the
accuracy, the agreement is correspondingly better.

Measurements have been made by Brinkworth (ref. 29) on the cooling
of a gas during an isentropic expansion, according to the method of
Lummer and Pringsheim. Brinkworth's results were based on measurements
near gtmospheric pressure only, so that no clear indication of equation-
of -state effects can be inferred directly from his results. His computed
velues for 7y for the ideal-gas state, which he obtained by applying
corrections based on Berthelot or Callender equations of state to his
measured values, are shifted oppositely to the adjustments that would
properly be made on the basis of the present PVT correlation. However,
the actual shift required to give agreement with 7°, as computed from

CYR based on spectroscoplic values for zero pressure, is several times

as great as that given in the present PVT correlation, although it agrees
in sign.
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It is to be noted that, while the adiabatic expansion for an ideal

gas follows a rule that PV’ is a constant or PT7/(1"7) is a constant,
the behavior of a real gas, during an adisbatic expansion, is given in

first approximation over a limited range assuming that PV® is a con-
stant, where -

To express the temperature change with change of pressure, other rela-

o)
tions are required; so that, if PT = Constant 1s to be used,
then

-1
7a T\dP/g aT /5, oT p

As can be seen, 75 18 naturally different from both 7 and a.’

The final values of 7y, reported by Brimkworth for the real gas

were obtained as an extrapolation to infinite volume of an experimental
container, as he found a marked dependence on volume. Values of 7,

computed from theory are within the range of his extrapolations.

The results of Brinkworth have been converted to provide values
of Cp for about 1.0% atmospheres, using the present PVI correlation

togive Z2 + T é%) in
or e

%=Rz+Ta_z) 4 loge ®
BTP d loge T/

The results are shown in figure 2 as percent departure from table 5.
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Values for the specific heat of gaseous nitrogen were reported by
Eucken and Von Liide (ref. 30) based on a similar use of the method of
Iummer and Pringsheim involving the cooling during an isentropic expan-
sion. They used the PVT data of Holborn and Otto in the evaluation.
Their results are also shown in figure 2.

Values of the specific heat at constant pressure for nitrogen are
at times quoted from the measurements of the velocity of sound by Shilling
and Partington (ref. 31). Their results deviate markedly from the computed
values at elevated temperatures. Similar results were obtained by Dixon,
Campbell, and Parker (ref. 32), who also measured the velocity of sound.
These measurements are considered further in the discussion of sound
velocity.

The specific heat at constant pressure was measured over an extended
range of pressures by Workman (ref. 33) for temperatures of 26° C and
60° C. His data, shown in figure 3, have here been expressed as the ratilo

of CP to CPO, the value at zero pressure, instead of his reported ratio

to the value at 1 atmosphere in order to make distinct the contribution of
the departure from ideality. The independent variable is here shown in
atmospheres instead of the original pressure units. The curves in the
figure are the predictions from theory using the present PVI correlation.
The agreement is considered fairly satisfactory for the pressure range

of chief interest in this correlation, that is, below 100 atmospheres.

The dsta of Clark and Katz (ref. 34) for the ratio of specific heats
of nitrogen have been recomputed using an improved theory for the effective
mass of the gas to be added to the mass of the moving piston in their
resonating system. The correction involves the recognition that the par-
ticipation of the mass in each end of the cylinder is not linear with dis-
tance as if it were approximately proportional to the velocity but varies
according to the kinetic energy or as the square of the velocity. The
integration for quadratic dependence on distance, which is approximately
valid, supplies a factor of 1/3 rather than 1/2 as used by Clark and Katz.
A detailed derivation of the corrections for the effective mass of the gas
in. a resonating-piston experiment is to be found in s note by Woolley

(ref. 3).

In figure 4 the open circles show the values reported by Clark and
Katz, while the recomputed values are shown as filled circles. The curves
show the theoretically computed values based on the present PVI correlation
with CPO R taken from table 1. The different curves are for distinct

computations carried to the powers of pressure corresponding to the virial
zoefficients By, Cy, and Dy as indicated. A more direct comparison

»f the experimentally observed quantities may be made by computing values
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of o; but such a comparison is not shown here, as the quality of agree-
ment remains essentially the same as is shown for 7.

A graphical indication of values of ¥y for nitrogen from O %o
100 atmospheres at 27° C was given by Hubbard and Hodge (ref. 35) based
on measurements of the velocity of sound. Values read from their graph
are shown in figure 5 as a dashed curve.

Other measurements of the velocity of sound in nitrogen as a func-
tion of pressure up to 1 atmosphere have been msde by Keesom and
Van Lemmeren (ref. 36), by Van Itterbeek and Mariéns (ref. 37), and by
Van Ttterbeek and Van Doninck (ref. 38). These are all at temperatures
below the region covered in the present tables, which are primarily fit-
ted to the PVT data immediately above apd below ordinary atmospheric
temperatures. The comparison with these data is accordingly omitted.
A limited portion of the data of Keesom and Van Lemmeren gives the tem-
perature dependence of the velocity of sound near atmospheric pressure
between 145° K and sbout 165° K. The results are shown in figure 6 with
a curve Interpolated from-table 9 shown also for comparison.

Values for the velocity of sound in nitrogen were reported by
Shilling and Partington (ref. 31) based on measurements with a Kundt's
tube. Theilr results for sound velocity are shown in figure 6 as measured.
Although the values reported deviate so far from the theoretical as to
give heat-capacity values that are not satisfactory, the ratio of sound
velocity in nitrogen to that in air is seen to be considerably more
accurate.

Measurements on the velocity of sound in nitrogen in tubes by Dixon,
Campbell, and Parker (ref. 3%2) gave values surprisingly near ,those of
Shilling and Partington. The former authors also made a number of sim-
ilar determinations on the velocity of sound in air. As in the case with
the results of Shilling and Partington, values of sound velocity in
nitrogen obtained indirectly by accepting their ratios of sound veloccity
for nitrogen versus air, together with the velocity in air, depart rel-
atively 1little from table 9.

A determination of the third-law entropy of nitrogen was presented
in 1933 by Giauque and Clayton (ref. 39) at the boiling point with good
agreement with the statistically calculated value for the entropy. As
the computation involved the use of theilr measured specific heats for
the solid and the liquid together with latent heats of transition in the
solid, fusion, and vaporization, the agreement can be taken as indicating
a satisfactory condition for the data for this entire low-temperature
region insofar as consistency is concerned.
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In table 20 revisions in the boiling point and in the latent heat
of vaporization are.examined. The value used by Giauque and Clayton
for the boiling point, 77.32° K, may be compared with that given by
Friedman and White, T77.34° X (ref. 40), and with that given by Hoge
and King for table 13, T77.395° K. Similarly, the value for the latent
heat of vaporization, 1,332.9 cal/mole, was revised to 1,320 cal/mole
by Friedman and White. An interpolation of newer data of Furukawa and
McCoskey (ref. 41) indicates 1,336.6 cal/mole. At the boiling temper-
ature credited to Hoge and King in table 20, an entropy of vaporization
has been obtained from the date of Friedman and White on the basis of
the observation that in this region the pressures given by Hoge and King
are gbout 0.3 percent higher than those of Friedman and White.

Furukawse. and McCoskey (ref. 41) have recently reported values for
the heat of vaporization of liquid nitrogen and for the heat of subli-
mation of solid nitrogen. These values are of some interest in regard
to PVT data, because it is possible in principle to obtain values
of PV/RT for the vapor from such data if in addition sufficiently
accurate vapor-pressure data are known. Their results for vaporizetion

of the liquid are 5,899.0 j mole™l at 68° K, 5,735.2 j mole™t at 73.10° K,
and 5,571.8 j mole™T at 78° K. For the sublimation of solid nitrogen

their result is 6,775.0 J mole"l at 62° K. The comparison of their
results with previous work is shown in figure 7.

The reduction of the heat-of-vaporization data involves a correction
for the finite volume of the liquid. The same correction enters with
reversed sign in using the Clapeyron equation to obtain the ‘compress-
ibility of the vapor, which is "

PV/RT = %13/3*132 e

These relationships provide a check of the consistency among the latent
heats, vapor pressures, and data of state. It is possible by means of
a slight change in the vapor-pressure values to bring them into close
agreement with newer latent heats and data of state at low temperatures.

Measurements of the Joule-Thomson effect have been made by Roebuck
and Osterberg (ref. 42) over the range 93° K to 573° K and up to
200 atmospheres. When the constant correction factor for pressure in
thelr measurements is applied, the agreement with the present PVT cor-
relation is quite good from the ice point upward, which is the region
of most of the PVI data. The two sets of values differ considerably at
lower temperatures, the reported experimental value being 50 percent
greater than the theoretically calculated PVT value at the lowest tem-
perature in the measurements.




NACA TN 3271 15

The Joule-Thomson coefficient of cooling in an isenthalpic expansion
has not been tabulated here. It can be readily obtalned, however, from
the relationship

(L
* @JH
=R_1_‘2x(d_2>
CpP  \dT/,
=E%E§i+mPgi+zﬁﬂE%
Cp\ ar ar aT

where CP is the specific heat given in table 5 and the derivetives in

the parentheses are given in table 15. Cooling in an isentropic expan-
sion can be similarly computed from the tebulsted values through the
relationship

CAT.CULATTON OF TABLES

The thermodynsmic quantities tabulated in this report were computed
numerically from the coefficients of the equation of state. The following
formulas were used:

c, +¢,"yp2 (D, + D, "\P>
s _g° ; 1 1) (1 1)
S_5 _10g. P - (B, + P - -
o] o 1p2 3
H - E° _ E° - By Do e T Cc,'P gD P
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o0t ") p2 1 n\p>
5 (s ngp . ()R (om0
37\ |2
CP_CV_[“T(:T)P
Z:
=,
_[l+<Bl+Bl'>P+<Cl+Cl'>P2+<Dl+Dl'>P3]2
) 1 - ¢;P® - 20, PP

The velocity of sound is given by

|f§T_a§ -zl
& Z‘l z -Iligz/ap)ﬂ

DISCUSSION AND RELIABILITY OF TABLES

The uncertainty of the tabulated density and compressibllity and
also of the various derived properties is discussed below. In general,
the uncertainty is smallest in the region from about 0° C to 150° C where
the most accurate experimental determinations were made. Since a semi-
theoretical representation was closely fitted to the data in this region,
the uncertainty here does not exceed 0.1 percent in PV/RT or about
10 percent of the difference between the real ar.d ideal values of the
compressibility. The uncertainty increases both at higher and lower tem-
peratures. This is due in part to the limitations of the theory and of
the fitting process and also to limitations in the ranges and reliability
of the various experiments. The derived pressure corrections to thermo-
dypamic properties are, in general, less accurate, because errors are
increased in differentiation. The corresponding experimental determi-
nations, such as Joule-Thomson coefficients, are frequently inaccurate,
particularly at the lower temperatures. The knowledge of the properties
of nitrogen can undoubtedly be improved by refinement of experimental
techniques, extension of the experimental range, and by improvement of
theory and the methods of correlation.
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It is sometimes convenient to indicate the uncertainty of the
ideal-gas values separately from that of the pressure corrections. Thus,
under properties of the real gas the reader may f£find the statement to
the effect that the uncertainty in the difference between the real and
the ideal entropy for nitrogen may be as great as 10 percent at the
highest pressures. An exemination of the entries for the entropy of
nitrogen at 1,000°, for example, shows the value for the ideal gas to
be 27.4261 dimensionless units at 1 atmosphere (table 1), giving
27.4261 -~ logg, (100 atm/L atm) = 27.426L - %.6052 = 22.8209 dimensionless
units for the ideal gas at 100 atmospheres. The corresponding real-gas
value at 100 atmospheres as tabulated is 22.8094% (table 7). The indi-
cated uncertainty of 10 percent of the difference is thus 0.0012 (about
0.005 percent of the total entry).

Table 1.~ The thermodynsmic properties of undissociated molecular-
nitrogen in the ideal-gas state are given in dimensionless form in
table 1. The values from 60° to 2,800° K are based largely on the calcu-
lations of Goff and Gratch (ref. 43) but are for the normal isotopic mix-
ture. These values have been extended to the greater temperature range

of the present table at the National Bureau of Standards, using the same
fundamental spectroscopic data. ‘

The uncertainty of the N, table up to 2,800° K has been indicated

by Goff and Gratch (ref. 43). On the basis of that analysis, the func-
tions Cpﬂ/R and SO/R appear accurate to the next to the last place
tabulated in the present taeble up to about 2,000° K, while at consider-
ebly higher temperatures thelr uncertainties may amount to several units
in the next to the last digit included. It would be indicated similarly
that the uncertainty in (H° - EOO)/RTO may be as great as 0.000L

at 500° K, 0.001 at 1,000° K, and seversl times as great at the higher
temperatures. :

The free-energy values are considered to be very reliable, being
uncertain by less than 1 unit in the third decimal place up to the highest
temperatures.

Table 2.- The ideal-gas thermal functions for atomic nitrogen have
been converted from those given in reference 4t and subtabulated in
table 2. A slight upward shift of about 0.0001 in SO/R has occurred
in the.lower temperature part of the table in the process of fitting
closely the values at higher temperatures within the constant-specific-
heat range. .

The velues in this table are considered to be féry reliable, namely,
to within 0.0001, as tabulated, except for the free energy which is
relieble to 2 or 3 units in the last place.

Table .- The tebulated values of the compressibility factor
7 = PV/RT (table 3) are those which would exist if there were no
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dissociation within the range covered. The values were computed from the
virial equation

Z = 1+ ByP + C;PZ 4 DyP>

The coefficients By} and Cj; were calculated from the Iennard-Jones
potential using intermolecular force constants as parameters.

The parameter values for the second virial coefficients B, were

obtained by a graphical method which permits the simultaneous fit of
data on the Joule-Thomson coefficient and on the pressure dependence
of PV/RT (refs. 16 through 19, 27, and 45 through 52), internal energy,
specific heat,.and velocity of sound. The experimental third virials Cy

were fitted using the second-virial-coefficient parameters only for a
cluster of two and graphically determined values of the parameters for
the cluster of three, since the equilibrium constant for the formation

of a cluster of three is K3 = (2B12 - Cl/2)/(RT)2. The modification of

the usual Iennard-Jones treatment (ref. 2) was undertaken to provide a
more applicable model for nitrogen than is afforded by the unmodified

theory.

The tabulated values are reliable to approximately 1 unit in the
next to the last tabulated place at temperatures below 300° K and within
2 or 5 units in the last place at higher temperatures. These tables are
in essential agreement with a recent correlastion of Hall and Ibele
(ref. 27) and Michels, Iambeck, and Wolkers (ref. 18).

The compressibility factor is dimensionless. Values of the gas
constant R are listed in table 16 for frequently used units in order
to facilitate the use of this table in calculating, by means of the
equation Z = PV/RT, the pressure P, the specific volume V (or the
density l/V), or the temperature T when any two of these are known.
The values given are based on a molecular weight of 28.016.

Teble 4.- The tabulated densities for molecular nitrogen (table k)
were computed from the equgtion

ToZof

o/ = PoTZ

from the compressibility factors given in table 3, and TOZO/PO = 273.037° K

atm™l. The values are derived from the values of compressibility in table 3
and have identical errors. On the basis of the estimated errors of table 3,
this table has entries that may be in error by 5 in the next to the last
place, but many entries are more precise. At low pressures and high tem-
peratures the values are less reliable because of neglect of dissociation
effects.




NACA TN 3271 ‘ 19

Table 5.- The specific-heat values (table 5) were cobtained by com-
bining the ideal-gas specific-heat values from table 1 with differences
between real and ideal based on thermodynamic formulas and the virial
cocefificients in teble 3. The effect of dissociation is not included in
this taeble, but its magnitude may be estimated with the formulas dis-
cussed in reference 29.

The accuracy of the tabulated values varies with temperature and
pressure. The error in Cp - CPO may epproach 5 percent in the range

of moderate pressure but may approach 10 percent for the high-pressure
entries. Comparisons with the experimental data are shown in fLigures 2
and 3.

Tables 6 and 7.- The enthalpy and entropy of nitrogen tabulated in
tables 6 and 7 do not include the effect of dissociation. Tts magnitude
may be estimated and found to be small at moderate temperstures and pres-
sures using formulas discussed and evaluated in reference 12. The exact
magnitude in the case of nitrogen has been unknown because of the large
uncertainty in the dissociation energy. The graphs shown in figures 8
and 9 show the effect of the dissoclation on the basis of the now-
accepted dissociation energy of gbout 9.76L4 electron volts. If other
constituents containing nitrogen are present, the effects are more
complicated, as 1s indicated in reference 12.

The accuracy of the tabulated values varies with temperature and
pressure. If the small neglected effect of dissociation at the most
elevated temperatures is disregarded, the uncertainty in the difference
between real and ideal properties 1s thought to be somewhat less than
5 percent in the range of moderate pressure but may be as great as 10 per-
cent at the highest pressure.

Table 8.- On the basis of the relisbilities estimated for specific
heats and compressibilities, tables 5 and 3, the values of 7y (table 8)
are considered to be religble to within 5 percent of their departures
from values for the ideal gas at pressures below 40 atmospheres and pos-
sibly only to within 10 percent of this difference at the highest pres-
sure of 100 atmospheres. Comparisons with direct and indirect experi-
mental determinations of 9y are shown in figures 4 and 5.

Table 9.- The sound velocities tabulated for nitrogen (table 9) are
for equilibrium conditions as far as internal molecular energies, inter-
molecular energies, and kinetic energies are concerned and thus do not
apply at very high frequencies. The effect of dissociation has not been
included, so that the values are not strictly for zero frequency as would
correspond to full equilibrium conditions at the highest temperatures.

The accuracy of the values tabulated varies with temperature and
pressure. Numerically, the religbility is roughly that indicated for the
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values of 7 in terms of departures from ideal-gas values. At 200° K
the values are believed relisble within about 0.002 at 10 atmospheres,
0.01 at 40 atmospheres, 0.03 at TO atmospheres, and 0.07 at 100 atmos-
pheres. At 400° K these limits might be reduced by factors between 5
and 10. At -higher temperatures, the values for 100 atmospheres are
probably within 0.005.

The effect of dissociation is probably quite small except for the
low pressures at the highest temperatures covered. Below the very high
temperatures at which dissociation is appreciable, the table is more
precise with increasing temperatures, because the gas becomes more ideal.
Figure 6 shows the departures of experimental values for the velocity of
sound from the indications of this teble.

Table 10.- The viscosity at low pressure (table 10) was calculated
using the Iennard-Jones potential, as applied by Hirschfelder, Bird,
ahd Spotz (ref. 53). In this case the potential energy of interaction
between the two molecules at a separation r 1is given by-

U(r) = Le <§?>12 - (%?)6

where e 1is the maximum energy of attraction and r, 1is the distance

at which the attractive and repulsive energies are equal. The coeffi-
cient of viscosity for a single gas is given by )

266.93V,

(
1x100 = — =
rozw(g)(a)

where M is the molecular weight, T is the Kelvin temperature, and Ve

and W2)(2) are functions of kT/e tabuleted by Hirschfelder, Bird,
and Spotz (ref. 53) from solutions of the collision integrals. The tables
were caleulated by Hilsenrath and Touloukian (ref. 14) using the param-
eters e/k = 91.46° K and ry = 3.681 A, chosen to fit the more accurate
viscosity data in the lower temperature region. They also computed the
viscosity at elevated pressure on the basis of the Enskog equation

n/n' =1 + 0.175bp + 0.8651b2p2
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where n' 1is the low-pressure viscosity at 7° K in poises; p 1is the
density in grams per cubic centimeter; and b, the viscosity covolume in
cubic centimeters per gram, is

b = 1.783(20 L/ ¥ (yE/m)3/2

The viscosity of nitrogen at very low pressures has recently been
measured by Johnston, Mattox, and Powers (ref. 54). Their report lists
viscosities of nitrogen at 306° and 273° K at pressures fram 500 to
0.00017 millimeter of mercury and at 194° K and 79° K at pressures down
to 0.353% millimeter of mercury. Their values extrapolated to atmospheric
pressure show a mean deviation of 0.17 percent from data obtained earlier
by Johnston and McCloskey (ref. 55).

The values of viscosity are reliable within 5 percent. A graphical
comparison of the tabulated values with the experimental results is shown
in figures 10 and 11.. The decided trend (see fig. 10) of the low-pressure
experimental data at high temperature would suggest that a modification
of the force constants e/k and r, is in order. If the constants are

chosen as 3.8 A and 80° K, respectively, the deviations for the low-
pressure data can be reduced to within 2 percent. While this choice
improves the fit at the higher temperatures, it introduces larger depar-
tures in the lower region where the experimental data are probably more
precise. Numerical adjustments may be made to the tables on the basis
of the deviations shown in figure 10 which would bring the velues within
a few tenths percent of the experimental data (refs. 56 to 67).

The departures of the high-pressure viscosity data of Boyd (ref. 68),
Michels and Gibson (ref. 69), and Sibbitt, Hawkins, and Solberg (ref. T0)
from the tabulated values are shown in figure 11. The recent data of
Kestin and Pilarczyk (ref. T71) at roam temperature are in agreement with
the correlation within 0.2 percent up to 40 atmospheres. Above this
pressure the departures increase gradually to 1 percent at 70 atmospheres.

Table 11.- The tabulated values (table 11) of thermal conductivity
up to 3000 K were obtained through the equation given by Keyes (ref. 72),

x 10~2 cal cm~1 sec-l °g-1

where T dis the Kelvin temperature.
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Above 300° K the values were obtained by the relation given by Stops
(ref . 73))

k = ko<? + 3.13 x 103% - 1.33 x 10702 + 2.63 x 10-10té>

where t 1s the Celsius temperature. The two equations, both empirical
relations, yileld values of the thermal conductivity which are in very
close agreement between 300° and 700° K. Stops' data cover the range
from 0° C to 1,000° C, while Keyes' data extend from -200° C to 400° C.
The overlap region is represented satisfactorily by both equations. The
value kj, the thermal conductivity at 0° C, was taken as

5.77 X 10-5 cal cm-l sec-1 %k-1 according to Stops' representation.
While the Keyes relation yields 5.73 X 10-5 cal cm-1l sec-1 %k-1 for kg,

this discrepancy is not serious since the estimated accuracy of the tab-
ulated k/ko is of the order of 5 percent.

Table 12.- The Prendtl number Np,. = nCp/k and scme of its frac-

tional powers are listed for molecular nitrogen at 1 atmosphere in
table 12. The table was computed from values of specific heat Cp/R,

viscosity 1, and thermal conductivity k/ko given, respectively, in
tables 5, 10, and 11.

The uncertainty in this table resulls from the uncerteinties of the
values of thermal conductivity and viscosity. Above 600° K the values of
viscosity in teble 10 may be somewhat too high (see fig. 10), which may
account for the sharp rise of the Prandtl number at high temperatures.
Below this temperature the tabulated Prandil numbers should be reliable
to about 5 percent. The uncertainties in the fractional powers are cor-
respondingly lower. Other fractional powers msy be computed with the
ald of figure 12.

Table 13.- The vapor pressures (teble 13) were computed by
Dr. H, J. Hoge and Mr. G. J. King. The tables are based on an analysis
of the data in references T4 to 76, 39, and 77 to 85, which are listed
here roughly in the order of the weight given to the data teken from
them. The accepted vapor-pressure - temperature relation for solid nitro-
gen is given by the equation for which comnstants are given in table l}(c),
while that for liquid nitrogen is given by table 13(a). Deviations of
the experimental data from the accepted relations are shown in figure 13.
A substantial improvement in consistency was effected by adJusting the
temperatures of some of the reported data. A recent study (ref. 85)
showed differences in reported vapor pressures of oxygen that were attrib-
uted to differences in temperature scales. Many laboratories have pub-
lished data on both oxygen and nitrogen, and for references 39, Tk, 76, 81,
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and 82 the nitrogen temperatures were adjusted by amounts that, if sim-
ilarly applied to the oxygen data, would have brought the oxygen data
into agreement with those reported in reference 85, which are on the
NBS provisional temperature scale below 90° K and on the International
Temperature Scale above that point. In other cases there was inade-
quate information to warrant an adjustment. Where an adjustment was
made, figure 13 shows the adjusted rather than the unadjusted values.

Table 13(b) gives P at temperature intervals of 2° K (3.6° R)
from 520 to 126° K. This table is for ready reference when values at
these particular temperatures are adequate. When accurate values at
other temperatures are required, they should be found from the equation,
if for the solid, and from table 13(a), if for the liquid. Table 13(a)
gives logyy P at uniform intervals of 1/T, the argument being L4O/T

at first, then changing to lOO/T at higher pressures to give a closer
spacing of entries. Values of T are also given, but these are only
for convenience in locating the part of the table to be used. Interpo-
lations must be mede in terms of 40/T or 100/T (72/T or 180/T on
the Rankine scale) rather than in terms of T for greatest convenience
and accuracy. When this is done, linear interpolation will introduce
no significant error except possibly in the 5° immediately below the
critical point.

The accuracy of the equation and the tables may be estimated from
figure 13. The spread of the data is somewhat less than +0.10° below
90° K and approximately #0.15° at higher temperatures. These temper-
ature spreads correspond to pressure spreads of 10.2 millimeter of mer-
cury at 53° K, ¥1 millimeter of mercury at 60° K, 7 millimeters of mer-
cury at 75° K, +60 millimeters of mercury at 100° K, and *175 millimeters
of mercury near the critical point. The probable error of the accepted
velues 1s perhaps half of the spreads Just quoted. The equation for the
s0lid may be used for order-of-magnitude calculations below the range of
the experimental data but not below the transition at 35.60 K.

Tables 14 and 15.- Tables 14 and 15 give the virial coefficients
and their first derivatives on which the thermodynesmic properties are
based. The conversion factors given in tables 17 and 18(a) to 18(3) were
taken from NBS Circular 461 (ref. 86). The conversion factors for vis-
cosity (table 18(k)) were taken fram reference 87.

National Bureau of Standards,
Washington, D. C., January 3, 1955.
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TABLE l.- SPECIFIC HEAT, ENTBALPY, EFTROPY, AND FREE ENERGY
OF MOLECULAR NITROGEN IN IDEAL-GAS STATE
o ®O - EAC F° . E.°
oy % o fid ) oq
R R RT

10 3.5019 -B 1246 1261 11.1440 24267 7.740 a9 18

20 3,5006 -2 .2527 1262 13,5707 14196 10.119 U 36

30 3.5004 -1 .3809 1281 14,9903 10067 11,522 99 54

40 3.5003 .5090 1202 15,9970 7811 12,521 716 72

50 3.5003 .6372 1281 16,7781 6382 13.297 &5 90

60 3.5003 .7653 1281 17.4163 539 13.932 28 108

70 3,5003 1 .8934 1262 17.9559 4674 14,470 455 126

80 3.5004 1.0216 1261 18.4233 nz 14,935 am 144

90 3.5004 1.1497 1282 18,8355 2888 15.346 358 162
100 3.5004 1 1.2779 1281 19,2043 3337 15,714 33 180
110 3.5005 1.4060 128 19.5380 3045 16.047 k1.3 198
120 3,5005 1,5342 1261 19.8426 2801 16.350 280 216
130 3.5005 1 1.6623 128 20,1227 2595 16.630 =9 234
140 3.5006 1.7905 1281 20,3822 2415 16.889 241 252
150 3.5006 1 1.9186 128 20.6237 2259 17.130 225 270
160 3.5007 2.0468 1261 20.8496 FaFa) 17.355 ¥l 288
170 3.5007 2.1749 12802 21,0619 2000 17.567 200 306
180 3.5007 1 2.3031 1261 21.2619 1893 17.767 189 324
190 3.5008 2.4312 1282 21.4512 179% 17.956 o] 342
200 3.5008 1 2.55%94 1282 21.6308 1708 18.135 m 360
210 3.5009 1 2.6876 1281 21.8016 1629 18.306 162 378
220 3.5010 2.8157 1282 21,9645 1556 18.468 156 396
230 3.5010 2 2.9439 1262 22,1201 1430 18.624 19 414
240 35012 1 3.0721 1281 22,2691 1429 18.773 142 432
250 3.5013 2 3.2002 1282 22,4120 BB 18.915 137 450
260 3.5015 2 3.3284 1282 22,5493 B2 19.052 132 468
270 3.5017 4 3.4566 1282 22,6815 27 19.184 128 486
280 3.5021 4 3.5848 1282 22,8088 129 19.312 122 504
290 3.5025 5 3.7130 128 22,9317 1188 19.434 19 522
300 3.5030 3 3.8412 1283 23,0505 1149 19.553 s 540
310 3.5036 8 3.9695 1283 23,1654 1m2 19.668 m 558
320 3.5044 10 4.0978 1288 23,2766 1073 19.779 107 576
330 3,5054 n 4,2261 1283 23,3845 1046 19.886 108 594
340 3.5065 13 4,3544 1264 23.4891 1017 19.991 101 612
350 3,5078 16 4.4828 1265 23,5908 988 20.092 9 630
360 3.5094 17 4.6113 1265 23,6896 962 20.191 % 648
370 3,5111 20 4.7398 1265 23,7858 [:Y4 20,287 ) 666
380 3,5131 2 4.8683 1267 23,8795 912 20,380 91 684
390 3.5154 FL3 4.9970 12687 23,9707 &1 20,471 ® 702
400 3.5179 a 5.1257 1269 24,0598 e 20.560 86 720
410 3.5206 n 5.2546 1209 24,1467 849 20.646 o 738
420 3,5237 L} 5.3835 1291 24,2316 &9 20.730 [:+] 756
430 3.5270 3% 5.5126 1291 24,3145 a1 20,813 -] 774
440 3.5306 18 5.6417 1294 24,3956 ™ 20.893 ™ 792
450 3.5344 &2 5.7711 1294 24,4750 m 20,972 n 810
460 3.5386 7] 5.9005 1296 24,5527 762 21.049 7 828
470 3.5430 '3 6,0301 1298 24.6289 746 21.124 7* 846
480 3.5476 50 6.1599 1300 24.7035 f2~) 21.198 ” 864
490 3,5526 52 6.2899 301 24.7767 n9 21,270 n 882
500 3.5578 5 6.4200 1304 24,8486 705 21.341 70 900
510 3,5632 56 6.5504 1305 24,9191 &2 21.411 2] 918
520 3,5688 59 6.6809 1308 24,9883 680 21.479 & 936
530 3.5747 a 6.8117 1310 25,0563 (7] 21.546 & 954
540 3,5808 5} 6,9427 112 25,1232 &58 21,611 & 972
550 3,5871 & 7.0739 1314 25,1890 47 21.676 a 990
560 3.5936 67 7.2053 1317 25,2537 [>13 21.739 & 1008
570 3.6003 ® 7.3370 319 25,3173 627 21.801 61 1026
580 3.6072 70 7.4689 B2 25.3800 67 21.862 a 1044
590 3,6142 72 7.6011 1324 25.4417 08 21.923 59 1062
600 3.6214 7.7335 25,5025 21.982 1080
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TABLE l.- SPECIFIC HEAT, NIFTHALFY, ENTROPY, AND FREE ENERGY
OF ¥OLECULAR NITROGEN I JIEAI~GAS STATE - Contimued
o B - Eq° » -(70 - Ep°
o & = - 5 e %) | o
R RT, B EF
600 3.6214 D 7.7335 1327 25,5025 600 21,982 58 1080
610 3.6287 ] 7.8662 130 25.5625 590 22.040 57 1098
620 3.6362 75 7.9992 133 25,6215 583 22,097 57 1116
630 3.6437 b 8.1325 135 25,6798 574 22,154 5 1134
640 3.6514 n 8.2660 1338 25,7372 567 22,209 [ 1152
650 3,6591 b 8.3998 BN 25,7939 559 22,264 54 1170
660 3.6670 k] 8.5339 pii’) 25,8498 =2 22,318 0 1188
670 3.6749 &0 8.6683 BA7 25.9050 545 22.371 52 1206
680 3.6829 2] 8.8030 1349 25.9595 538 22,423 5 1224
690 3.6909 [ird 8.9379 15 26,0133 -] 22,475 51 1242
700 3.6990 8 9.0732 D% 26,0665 525 22,526 50 1260
710 3.7071 a 9.2088 058 26,1190 519 22,576 50 1278
720 3,7152 [--) 9.3446 162 26,1709 53 22,626 *49 1296
730 3.7234 [:-} 9.4808 364 26,2222 507 22.675 43 1314
740 3.7316 <) 9.6172 1368 26,2729 @ 22,723 48 1332
750 3.7398 [:] 9.7540 DI 26,3231 96 22,771 a 1350
760 3.7480 :-] 9.8910 1374 26,3727 90 22,818 45 1368
770 3.7562 a 10,0284 7% 26,4217 485 22,864 45 1386
780 3.7643 :-] 10,1660 1380 26.4702 481 22.910 4% 1404
790 3.7725 a 10.3040 il 26,5183 475 22,956 a3 1422
800 3.7806 401 10.4423 57 26,5658 204 23,000 27 1440
850 3.8207 39 11.1380 T029 26,7962 2194 23,217 205 1530
900 3.8596 374 11.8409 7099 27.0156 2097 23,422 1% 1620
950 3,8970 356 12,5508 66 27,2253 2008 23,617 165 1710
1000 3.9326 38 13.2674 0 27,4261 1927 23.802 m 1800
1050 3.9664 318 13.9904 25 27.6188 1852 23.979 170 1890
1100 3.9982 b 14.7193 4 27.8040 1784 24,149 163 1980
1150 4.0281 281 15.4539 7400 27.9824 1720 24,312 156 2070
1200 4,0562 263 16.1939 749 28,1544 1662 24.468 151 2160
1250 4,0825 247 16.9388 05 28,3206 1606 24,619 146 2250
1300 4,1072 231 17.6883 7539 28.4812 1554 24,765 140 2340
1350 41303 215 18.4422 7590 28,6366 1506 24,905 BH 2430
1400 4.1518 am 19,2002 7619 28,7872 1461 25,041 132 2520
1450 4,1720 1, 19.9621 7L54 28,9333 1418 25.173 128 2610
1500 4,1909 177 20,7275 7688 29.0751 177 25,301 124 2700
1550 4.2086 166 21,4963 779 29,2128 139 25.425 120 2790
1600 4.2252 156 22,2682 48 29.3467 1302 25.545 uz 2880
1650 4,2408 146 23,0430 78 29,4769 12638 25,662 114 2970
1700 4.2554 138 23,8206 7802 29.6037 1236 25,776 n 3060
1750 4.2692 129 24,6008 826 29,7273 1204 25.887 109 3150
1800 4.2821 12 25,3834 7850 29.8477 nrs 25,996 105 3240
1850 4,2943 n4 26,1684 7870 29.9652 147 26,101 104 3330
1900 4,3057 109 26,9554 T892 30,0799 1120 26,205 100 3420
1950 4,3166 102 27.7446 7910 30.1919 104 26,305 9 3510
2000 4,3268 97 28,5356 929 30.3013 1070 26.404 9% 3600
2050 4,3365 92 29,3285 547 30.4083 1046 26,500 95 3690
2100 4.3457 87 30.1232 ™62 . 30,5129 1023 26,595 R 3780
2150 4,3544 @ 30.9194 Lz 30.6152 1002 26,687 90 3870
2200 4.3627 78 31,7172 N3 30,7154 981 26,777 [} 3960
2250 4.3705 ] 32,5165 8007 30.8135 962 26.866 -1 4050
2300 4.3780 ” 33,3172 8020 30,9097 982 26,953 & 4140
2350 4,3852 5] 34,1192 8133 31,0039 924 27.038 ] 4230
2400 4.3920 & 34,9225 8045 31.0963 906 27.122 i3 4320
2450 4,3985 [] 35,7270 €057 31,1869 890 27.204 0 4410
2500 4,4047 5 36,5327 8068 31.2759 i1/ 27.284 n 4500
2550 4,4106 57 37.3395 8078 31.3631 857 27.363 78 4590
2600 4.4163 = 38.1473 8089 31.4488 s 27.441 7% 4680
2650 4.4218 [~] 38,9562 w0R 31.5330 827 27.517 76 4770
2700 4,4270 50 39.7661 €008 31,6157 83 27.593 T4 4860
2750 4.4320 Ly 40.5769 8117 31.6970 ™ 27.667 id 4950
2800 4.4369 41.3886 31,7769 27.739 5040
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TAELE 1.- SPECIFIC EEAT, ERTHALPY, ENIROFY, AND ¥REE EHERGY

OF WOLECUIAR HITROGEN IN ITEAL-GAS STATE - Copeluded

o g0 - R.© o _gO°
ox & b oad F-% %
: R BT, R
2800 4.4369 46 41.3886 25 31,7769 78 27,739 ” 5040
2850 4.4415 45 42,2011 a4 31.8554 m 27,811 L 5130
2900 4.4460 L) 43,0145 142 31.9327 768 27.881 2] 5220
2950 4.4503 42 43.8287 8150 32,0088 748 27.950 & 5310
3000 4.4545 40 44,6437 8158 32.0836 7 28.019 67 5400
3050 4.4585 3 45,4595 8164 32,1573 75 28.086 43 5490
3100 4,4624 » 46.2759 ar 32,2298 s 28,152 3 5580
3150 4.4663 36 47.0931 a78 32,3013 T3 28,218 2] 5670
3200 4,4699 3% 47.9109 8186 32,3716 &3 28,282 & 5760
3250 4.4735 35 48.7295 8191 32,4409 634 28.345 () 5850
3300 4.4770 34 49.5486 8198 32.5093 613 28.408 [~ 5940
3350 4,4804 » 50.3684 8204 32.5766 864 28.470 80 6030
3400 4.4836 2 51.1888 810 32.6430 -5 28.530 81 6120
3450 4.4868 2 52.0098 816 32.7085 213 28.591 59 6210
3500 4,4900 30 52.8314 :-ra$ 32,7731 7 28.650 58 6300
3550 4,4930 30 53.6535 827 32.8368 628 28,708 58 6390
3600 4.4960 28 54.4762 [:-2-] 32.8996 &1 28.766 57 6480
3650 4.4988 28 55.2994 a238 32,9617 a2 28,823 57 6570
3700 4.5016 28 56.1232 -1 -3 33.0229 605 28,880 55 6660
3750 4.5044 27 56.9474 8248 33,0834 597 28.935 5 6750
3800 4.5071 2 57.7722 a5 33.1431 58 28.990 5 6840
3850 4.5097 26 58.5974 8257 33,2020 582 29.045 s 6930
3900 4.5123 F-] 59.4231 8262 33,2602 575 29.098 [ 7020
3950 4.5148 Fo] 60.2493 8266 33.3177 568 29,151 3 7110
4000 4,5173 24 61.0759 en 33,3745 561 29,204 2 7200
4050 4,5197 24 61.9030 8276 33.4306 555 29.256 51 7290
4100 4.5221 24 62.7306 en 33,4861 548 29,307 50 7380
4150 4.5245 2 63.5585 [ic:1 ] 33,5409 F1-3 29,357 5 7470
4200 4.5268 2 64.3868 8268 33,5951 86 29.408 L] 7560
4250 4.5290 2 65.2156 829 33,6487 530 29,457 L) 7650
4300 4.5312 2 66.0448 97 33.7017 524 29.506 Ly 7740
4350 4.5334 2 66,8745 ©00 33.7541 518 29.555 48 7830
4400 4.5356 Fal 67.7045 804 33.8059 [>5) 29,603 a7 7920
4450 4.5377 2 68.5349 8308 33.8572 507 29,650 41 8010
4500 4,5398 Fa 69.3657 348 33,9079 502 29.697 47 8100
4550 4.5419 Fa 70.1968 816 33.9581 496 29.744 4% 8190
4600 4.5440 20 71.0284 0819 34,0077 L3 29.790 4% 8280
4650 4.5460 2 71.8603 324 34.0569 486 29.836 45 8370
4700 4.5480 20 72.6927 8326 34,1055 401 29.881 Ll 8460
4750 4.5500 20 73.5253 @830 34,1536 a7 29,925 45 8550
4800 4,5520 20 74,3583 a4 34,2013 an 29.970 “ 8640
4850 4.5540 19 75.1917 &8 34,2484 48 30.014 L] 8730
4900 4,5559 20 76.0255 8342 34,2952 453 30.057 <] 8820
4950 4.5579 - 19 . 76.8597 B4 34,3415 458 30.100 L] 8910
5000 4.5598 77,6941 34,3873 30.143 9000
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o HO . ] (o - O)
og % Fo 28 Eo oR
R RT, R BT
10 2.5000 .0915 915 9.9377 17328 7.4377 1728 18 .
20 .1830 916 11.6705 10137 9.1705 10157 36
30 .2746 915 12.6842 %R 10.1842 n92 54
40 3661 s 13.4034 5579 10.9034 55719 72
50 .4576 915 13.9613 4553 11.4613 4558 90
60 .5491 916 14,4171 853 11.9171 3853 108
70 .6407 915 14.8024 B39 12.3024 hosc) 126
80 7322 915 15.1363 2944 12,6363 2944 144
90 .8237 915 15.4307 2634 12.9307 2634 162
100 .9152 915 15.6941 faf: ) 13,1941 patied 180
110 1.0067 916 15,9324 ars 13.4324 a7 198
120 1.0983 915 16.1499 2001 13.6499 2001 216
130 1.1898 915 16.3500 1853 13.8500 16863 234
140 1.2813 915 16,5353 hrr-] 14,0353 s 252
150 1,3728 915 16.7078 15 14,2078 1613 270
160 1.4643 916 16.8691 1516 14,3691 1516 288
170 1.5559 915 17.0207 1429 14,5207 1429 306
180 1.6474 915 17.1636 B 14,6636 1852 324
190 1.7389 915 17.2988 1282 14,7988 1282 342
200 1.8304 916 17.4270 1220 14,9270 1220 360
210 1.9220 a5 17.5490 ne 15.0490 1163 378
220 2.0135 915 17.6653 nn 15.1653 1 396
230 2.1050 915 17.7764 1064 15.2764 1064 414
240 2.1965 915 17.8828 1620 15.3828 1020 432
250 2.2880 916 17.9848 981 15,4848 981 450
260 2.3796 915 18,0829 944 15.5829 944 468
270 2.4711 915 18.1773 909 15,6773 509 486
280 2.5626 (511 18.2682 87 15.7682 817 504
290 2.6541 915 18.3559 848 15.8559 848 522
300 2.7456 916 18.4407 819 15,9407 819 540
310 2.8372 915 18.5226 T4 16,0226 ™ 558
320 2.9287 915 18.6020 769 16.1020 769 576
330 3.0202 918 18.6789 747 16.1789 747 594
340 3.1117 916 18.7536 T4 16.2536 724 612
350 3.2033 95 18.8260 75 16.3260 705 630
360 3.2948 515 18,8965 5 16.3965 ;] 648
370 3.3863 915 18.9650 &5 16,4650 656 666
380 3.4778 915 19.0316 €50 16.5316 €50 684
390 3.5693 916 19.0966 o3 16.5966 [5] 702
400 3.6609 915 19.1599 - ar 16.6599 az 720
410 3.7524 915 19.2216 602 16,7216 602 738
420 3.8439 915 19.2818 5 16.7818 58 756
430 3.9354 915 19.3407 574 16,8407 574 774
440 4,0269 916 19.3981 562 16.8981 562 792
450 4,1185 95 19.4543 £50 16.9543 550 810
460 4,2100 915 19.5093 537 17.0093 537 828
470 4,3015 915 19.5630 527 17.0630 527 846
480 4.3930 916 19.6157 55 17,1157 515 864
490 4.4846 95 19.6672 505 17.1672 505 882
500 4,5761 915 19.7177 495 17.2177 ns 900
510 4.6676 915 19.7672 486 17,2672 485 918
520 4.7591 915 19.8158 476 17.3158 476 936
530 4.8506 916 19.8634 487 17.3634 457 954
540 4,9422 918 19.9101 459 17.4101 59 972
550 5.0337 915 19.9560 450 17.4560 450 990
560 5.1252 915 20.0010 43 17.5010 [7:] 1008
570 5.2167 915 20.0453 ns 17.5453 o5 1026
580 5.3082 916 20.0888 a21 17.5888 427 1044
590 5.3998 915 20,1315 20 17.6315 420 1062

600 5.4913 20.1735 17.6735 1080
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TABLE 2.- SPECIFIC HEAT, ENTEALPY, ENTROPY, AND FREE ENERGY

OF ATOMIC NITROGEN IN INEAI~GAS STATE - Comtimmed

(-] o o
ox % B -5 -8 ¥ - °R
R T, R T

600 2.5000 5.4913 @5 20,1735 o 17.6735 1080
610 5.5828 @s 20,2148 wr  17.7188 w1098
620 5.6743 @6 20,2555 w  17.7555 w1116
630 5.7659 5 20.2955 su 17,7955 s 1134
640 5.8574 a5 20,3349 W 17.8349 w1152
650 5.9489 a5 20.3736 s 17.8736 @ 1170
660 6.0404 a5 20,4118 w  17.9118 s 1188
670 6.1319 g6 20,4494 o 17.9494 s 1206
680 6.2235 @5 20,4864 s  17.9864 s 1224
690 6.3150 @5 20,5229 %  18.0229 3 1242
700 6.4065 @5 20.5589 3 18.0589 15 1260
710 6.4980 a5 20,5944 » 180944 w1278
720 6.5895 g6 20.6293 M5 18,1293 s 1296
730 6.6811 a5 20,6638 M0 18.1638 u 1314
730 6.7726 a5 20,6978 3 181978 w1332
750 6.8641 @5 20,7314 m 18.2314 . 1350
760 6.9556 a6 20,7685 = 18.2685 1 1368
770 7.0472 a5 20,7972 w 182972 w1386
780 7.1387 a5 20,8294 w9 18.3294 N 1404
790 7.2302 a5 20,8613 e 18.3613 e 1422
800 7.3217 s 20.8927 16 183927  1ms 1440
850 77793 e  21.0843 1 185443 . um 1530
900 8.2369 e 211872 B 18.6872 DR 1620
950 8.6945 a7 21,3224 1 18.8224  um 1710
1000 9.1521 s 21.4506 1z 18.9506 10 1800
1050 9.6098 4 215726 1 19.0726  mes 1890
1100 100674 4 216889  1m 19,1889  nn 1980
1150 105250 4 21,8000 o 19.3000 104 2070
1200 10,9826 4 21.9064 10 19.4064 10 2160
1250 11.4402  wm  22.0084 @ 19,5084 s 2250
1300 118978 @  22.1065 s 19.6065 s 2340
1350 12.3554 a6 22,2008 as 19,7008 a0 2430
1400 12.8130  @w 22,2918 m 19.7918 e 2520
1450 13.2706  #m 223795 . sw  19.8795 o7 2610
1500 13.7281 a1 22.4642 = 19.9642 20 2700
1550  2.5000 141858 a7 | 22,5462 20,0462 ™ 2790
1600  2.5000 14,6435  a 22,6257 7% 20,1257 26 2880
1650  2.5000 1 150011 em  22.7026 s 20.2026 s 2970
1700  2.5001 15.5587  am 22,7772 ™ 202772 ™ 3060
1750  2.5001 1 160163 4 22.8497 s 20,3497 w3150
1800  2.5002 16,4739 a6 22.9202 &5 20,4201 @ 3240
1850  2.5002 1 169315 @m  22.9887 ws 20,4886 w1 3330
1900  2.5003 1 - 17.3892 4w 23.0553 @ 20,5553 on 3820
1950  2.5004 1 17.8469  wm  23.1203 @ 20,6202 @ 3510
2000  2.5005 2 183047  em 23183 as 20,6835 ar 3600
2050 2.5007 2 187624  asm  23.2454 w  20.7452 a 3690
2100  2.5009 2 192200  em  23.3056 ss 20,8055 s 3780
2150 2.5011 3 196777 w©m 23,3684 55 20,8643 s 3870
2200  2.5014 3 2001356 4w 23,4219 s 20,9218 s 3960
2250  2.5018 4 205936  amm 234782 s 20,9780 sa 4050
2300 2.5022 5 210517  mem 235332 s 21,0330 27 4140
2350  2.5027 s 215097 e 23.5870 =1 21.0867 26 4230
24300  2.5033 7 21.9678  ©m  23.6397 s 2011393 se 4320
2450  2.5040 9 22,4261  mes 23,6913 s 21,1909 s7- 4410
2500  2.5049 9 22.8847 s  23.7419 o 21,2416 ¥ 4500
2550 2,508 n 233433 ws  23.7915 s 2L2911 s 4590
2600  2.5069 D 23.8021  aw  23.8402 o 20,3397 o6 4680
2650  2.5082 1B 242611 s 23.8879 s 21,3873 w4770
2700  2.5095 1 247203 4w 23,9348 w1 21,4340 w4860
2750  2.5111 v 251798 em  23.9809 & 21,4799 0 4950
2800  2.5128 25,6395 24,0262 21.5249 5040
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° - By’ FO - By°
or %° Fo il Fo op
R RT, R RT
2800 2.5128 19 25,6395 4601 24,0262 “s 21.5249 “3 5040
2850 2.5147 a 26.0996 2504 24,0707 o7 21,5692 25 5130
2900 2.5168 2 26,5600 4608 24.1144 20 21.6127 28 5220
2950 2,5191 F- 27.0208 4512 24.1574 a2 21.6555 20 5310
3000 2.5216 27 27.4820 4518 24.1998 a7 21.6975 m 5400
3050 2,5243 2 27.9438 423 24.2415 m 21,7388 47 5490
3100 2.5272 2 28.4061 4629 24.2826 404 21.7795 400 5580
3150 2.5304 s 28.8690 4635 24.3230 » 21.8195 35 5670
3200 2.5339 37 29.3325 4642 24,3629 393 21.8590 388 5760
3250 2.5376 » 29.7967 Aty 24.4022 383 21.8978 @ 5850
3300 2.5415 a 30.2616 4656 24,4410 b 21.9361 318 5940
3350 2.5456 s 30.7272 4553 24,4792 378 21,9739 m 6030
3400 2.5501 7 31.1935 «n 24,5170 m 22,0111 267 6120
3450 2.5548 ) 31.6607 a5 24.5542 248 22,0478 362 6210
3500 2.5597 52 32.1288 4689 24.5910 E1) 22,0840 56 6300
3550 2.5649 55 32,5977 4700 24.6273 359 22,1196 350 6390
3600 2.5704 57 33,0677 79 24,6632 155 22.1546 M5 6480
3650 2.5761 0 33.5386 4720 24.6987 351 22.1892 340 6570
3700 2.5821 & 34.0106 7:1] 24,7338 M7 22,2232 135 6660
3750 2.5884 [ 34.4837 144 24,7685 w 22,2568 n2 6750
3800 2.5950 8 34,9581 4757 24,8028 340 22,2900 128 6840
3850 2.6018 7 35.4338 4770 24,8368 3% 22,3228 324 6930
3900 2.6089 b7 35,9108 4783 24.8704 m 22,3552 20 7020
3950 2.6163 7 36.3892 a7 24,9037 no 22,3872 317 7110
4000 2.6240 ki) 36.8689 4811 24.9367 26 22.4189 m 7200
4050 2.6319 a 37.3500 4824 24,9693 324 22,4502 309 7290
4100 2.6400 84 37.8324 4810 25.0017 320 22.4811 305 7380
4150 2.6484 B 38.3164 4085 25,0337 . 8 22,5116 a2 7470
4200 2.6570 ;] 38,8019 487 25.0655 315 22,5418 29 7560
4250 2.6659 9 39.2890 4388 25,0970 312 22,5717 2% 7650
4300 2.6750 93 39.7778 4904 25.1282 310 22.6013 pa-) 7740
4350 2.6844 9% 40,2682 w2 25,1592 307 22,6305 2w 7830
4400 2.6940 97 40.7604 0340 25.1899 305 22,6594 287 7920
4450 2,7037 100 41.2544 958 25,2204 13 22.6881 2 8010
4500 2,7137 102 41,7502 4917 25.2507 200 22.7164 20 8100
4550 2.7239 104 42,2479 596 25.2807 29 22.7444 278 8190
4600 2.7343 106 42.7475 5015 25,3106 296 22,7722 17 8280
4650 2.7449 107 43,2490 5034 25,3402 294 22,7996 m 8370
4700 2.7556 10 43,7524 5055 25.3696 2 22,8268 26 8460
4750 2.7666 m 44,2579 5075 25,3988 290 22,8537 261 8550
4800 2.7777 n2 44,7654 5094 25.4278 2% 22.8804 264 8640
4850 2,7889 114 45,2748 5116 25.4567 207 22,9068 261 8730
4900 2.8003 116 45,7864 536 25.4854 286 22,9329 260 8820
4950 2.8119 15 46.3000 5156 25,5139 2m 22,9589 =1 8910
5000 2.8235 46.8156 25,5422 22,9846 9000
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TABLE 3.- COMPRESSTBILITY FACTOR % = PV/RT FOR MOLECULAR NTTROGEN

x 0.01 atm 0.1 atm 0.4 atm 0.7 atm °R
100 .99982 4 .99820 2 .9927 ” .987 3 180
110 .99986 3 .99862 30 9944 13 .990 2 198
120 .99989 2 .99892 2 .9957 9 .992 2 216
130 .99991 2 .99914 7 9966 [ .994 1 234
140 .99993 1 .99931 hi) 9972 6 .995 1 252
150 .99994 1 99944 10 99776 a .9961 7 270
160 99995 1 .99954 8 .99817 3 .9968 [ 288
170 .99996 1 .99962 7 .99850 2 9974 4 306
180 .99997 99969 5 .99876 n .9978 4 324
190 99997 1 .99974 5 .99897 18 .9982 3 342
200 .99998 .99979 3 .99915 15 .99851 2% 360
210 .99998 1 .99982 3 99930 12 .99877 a 378
220 .99999 .99985 3 .99942 10 .99898 18 396
230 99999 .99988 2 99952 9 .99916 16 414
240 .99999 .99990 2 99961 7 .99932 b1 432
250 .99999 99992 2 .99968 7 .99945 n 450
260 .99999 1 .99994 1 99975 5 .99956 10 468
270 1.00000 .99995 1 .99980 5 .99966 8 486
280 1.00000 .99996 1 .99985 4 99974 7 504
290 1.00000 .99997 1 .99989 4 .99981 [ 522
300 1.00000 .99998 1 .99993 3 .99987 6 540
310 1.00000 .99999 1 .99996 3 .99993 4 558
320 1.00000 1.00000 .99999 2 .99997 5 576
330 1.00000 1.00000 1 1.00001 2 1.00002 3 594
340 1.00000 1.00001 1.00003 2 1.00005 3 612
350 1.00000 1.00001 1 1.00005 1 1.00008 3 630
360 1.00000 1.00002 1.00006 2 1.00011 3 648
370 1.00000 1.00002 1.00008 1 1.00014 2 666
380 1.00000 1.00002 1 1.00009 1 1.00016 2 684
390 1.00000 1.00003 1,00010 1 1.00018 2 702
400 1.00000 1.00003 1.00011 1 1.00020 1 720
410 1.00000 1.00003 1.00012 1 1.00021 1 738
420 1.00000 1.00003 1.00013 1.00022 2 756
430 1.00000 1.00003 1 1.00013 1 1.00024 1 774
440 1.00000 1.00004 1.00014 1 1.00025 792
450 1.00000 1.00004 1.00015 1.00025 1 810
460 1.00000 1.00004 1.00015 1.00026 1 828
470 1.00000 1.00004 1.00015 1 1,00027 1 846
480 1.00000 1.00004 1.00016 1.00028 864
490 1.00000 1.00004 1.00016 1.00028 1 882
500 1.00000 1.00004 1.00016 1 1.00029 900
510 1.00000 1.00004 1.00017 1.00029 918
520 1.00000 1.00004 1.00017 1.00029 1 936
530 1.00000 1.00004 1.00017 1.00030 954
540 1.00000 1.00004 1.00017 1.00030 972
550 1.00000 1.00004 1.00017 1.00030 990
560 1.00000 1.00004 1.00017 1.00030 1008
570 1.00000 1.00004 1.00017 1.00030 1026
580 1.00000 1.00004 1.00017 1.00030 1044
590 1.00000 1.00004 1.00017 1.00030 1062
600 1.00000 1.00004 1.00017 1.00030 1 1080
610 1.00000 1.00004 1.00017 1.00031 1098
620 1.00000 1,00004 1.00017 1.00031 -1 1116
630 1.00000 1.00004 1,00017 1.00030 1134
640 1.00000 1.00004 1.00017 1.00030 1152
650 1.00000 1.00004 1.00017 1.00030 1170
660 1.00000 1.00004 1.00017 1,00030 1188
670 1.00000 1.00004 1.00017 1.00030 1206
680 1.00000 1.00004 1.00017 1.00030 1224
690 1.00000 1.00004 1.00017 1.00030 1242
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TPABLE 3.~ COPRESSIBILITY FACTOR 2 = PV/RT FOR MOLECULAR NITROGFN - Conmtimued

%k 0.0L atm 0.1 atm 0.% atm 0.7 atm °R
700 1.00000 1.00004 1.00017 1.00030 1260
710 1.00000 1.00004 1.00017 1.00030 1278
720 1.00000 1.00004 1.00017 1,00030 - 1296
730 1.00000 1.00004 1.00017 1.00030 -1 1314
740 1.00000 1.00004 1.00017 1.00029 1332
750 1.00000 1.00004 1.00017 1.00029 1350
760 1.00000 1.00004 1.00017 1.00029 1368
770 1.00000 1.00004 1.00017 -1 1.00029 1386
780 1.00000 1.00004 1.00016 1.00029 1404
790 1.00000 1.00004 1.00016 1.00029 1422
800 1.00000 1.00004 1.00016 1.00029 -1 1440
850 1.00000 1.00004 1.00016 -1 1.00028 -1 1530
900 1.00000 1.00004 1.00015 1.00027 -1 1620
950 1.00000 1.00004 1.00015 -1 1.00026 -1 1710
1000 1.00000 1.00004 -1 1.00014 1.00025 -1 1800
1050 1.00000 1.00003 1.00014 -1 1.00024 1890
1100 1.00000 1.00003 1.00013 1.00024 -1 1980
1150 1.00000 1.00003 1.00013 1.00023 -1 2070
1200 1.00000 1.00003 1.00013 -1 1.00022 -1 2160
1250 1.00000 1.00003 1.00012 1.00021 2250
1300 1.00000 1.00003 1.00012 1.00021 -1 2340
1350 1.00000 1.00003 1.00012 -1 1.00020 2430
1400 1.00000 1.00003 1.00011 1.00020 -1 2520
1450 1.00000 1.00003 1.00011 1.00019 -1 2610
1500 1.00000 1.00003 1.00011 -1 1.00018 2700
1550 1,00000 1.00003 -1 1.00010 1.00018 -1 2790
1600 1.00000 1.00002 1.00010 1.00017 2880
1650 1.00000 1.00002 1.00010 -1 1.00017 -1 2970
1700 1.00000 1.00002 1.00009 1.00016 3060
1750 1.00000 1.00002 1.00009 1.00016 3150
1800 1.00000 1.00002 1.00009 1.00016 -1 3240
1850 1.00000 1.00002 1.00009 -1 1.00015 3330
1900 1.00000 1.00002 1.00008 1..00015 -1 3420
1950 1.00000 1.00002 1.00008 1.00014 3510
2000 1.00000 1.00002 1.00008 1.00014 3600
2050 1.00000 1.00002 1.00008 1.00014 3690
2100 1.00000 1.00002 1.00008 1.00014 -1 3780
2150 1.00000 1.00002 1.00008 -1 1.00013 3870
2200 1.00000 1.00002 1.00007 . 1.00013 3960
2250 1.00000 1.00002 1.00007 1.00013 - 1 4050
2300 1.00000 1.00002 1.00007 1.00012 4140
2350 1.00000 1.00002 1.00007 1.00012 4230
2400 1.00000 1.00002 1.00007 1.00012 4320
2450 1.00000 1.00002 1.00007 -1 1.00012 - 1 4410
2500 1.00000 1.00002 1.00006 1.00011 4500
2550 1.00000 1.00002 1.00006 1.00011 4590
2600 1.00000 1.00002 1.00006 1.00011 4680
2650 1.00000 1.00002 1.00006 1.00011 4770
2700 1.00000 1,00002 -1 1.00006 1.00011 -1 4860
2750 1.00000 1.00001 1.00006 1.00010 4950
2800 1.00000 1.00001 1.00006 1.00010 5040
2850 1.00000 1.00001 1.00006 1.00010 5130
2900 1.00000 1.00001 1.00006 -1 1.00010 5220
2950 1.00000 1.00001 1.00005 1.00010 -1 5310

3000 1.00000 1.00001 1.00005 1.00009 5400
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TABLE 3.- COMPRESSIBILITY FACTOR Z = PV/RT POR MOLECULAR HTTROGEN - Comtinued

vl

g 1 atm k atm T atm 10 atm °r
100 .981 5 .909 30 .783 98 180
110 .986 3 939 15 .881 35 .805 23 198
120 .989 2 .954 10 916 20 .873 3 216
130 991 2 964 8 936 14 906 21 234
140 .993 1 972 5 950 10 927 15 252
150 9944 10 9773 2 9597 7% 9416 pit} 270
160 .9954 8 .9815 » 9673 &0 .9529 o] 288
170 9962 7 .9848 b4 9733 48 9617 ] 306
180 .9969 5 .9875 -3 .9781 » .9685 57 324
190 9974 5 .9897 18 .9820 31 9742 4% 342
200 .99788 3% .99150 148 .98514 28 .9788 37 360
210 .99824 31 .99298 124 98775 a7 .9825 2 378
220 .99855 26 99422 10 .98992 182 .9857 2 396
230 .99881 a 99525 &8 99174 154 .9883 ) 414
240 .99902 19 .99613 k] .99328 B1 .9905 19 432
250 .99921 16 .99688 [5) 99459 1 .99235 1% 450
260 99937 b3 .99751 56 99570 % .99394 7 468
270 .99951 12 .99807 a7 99666 [:<] 99531 nuz 486
280 .99963 10 .99854 41 .99749 n .99648 m 504
290 .99973 9 .99895 35 .99820 62 .99750 =] 522
300 .99982 8 .99930 3 .99882 n .99838 ki 540
310 .99990 [ .99961 7 .99936 & 99915 & 558
320 .99996 6 .99988 24 .99983 a .99981 5 576
330 1.00002 5 1.00012 20 1.00024 3% 1.00040 5 594
340 1.00007 5 1.00032 19 1.00060 32 1.00091 45 612
350 1.00012 4 1.00050 16 1.00092 a 1.00136 3 630
360 1.00016 4 1.00066 15 1,00119 3 1.00175 35 648
370 1.00020 3 1.00081 12 1.00144 2 1.00210 30 666
380 1.00023 3 1.00093 n 1.00165 19 1.00240 27 684
390 1.00026 2 1.00104 9 1.00184 w 1.00267 ] 702
400 1.00028 2 1.00113 9 1.00201 13 1.00290 -3 720
410 1.00030 2 1,00122 8 1.00216 1] 1.00312 18 738
420 1.00032 2 1.00130 6 1.00229 n 1.00330 15 7156
430 1.00034 1 1.00136 6 1.00240 n 1.00345 15 774
440 1.00035 1 1.00142 H 1.00251 8 1.00360 » 792
450 1.00036 2 1.00147 4 1.00259 7 1.00372 n 810
460 1.00038 1 1.00151 4 1.00266 | 1.00383 9 828
470 1.00039 1.00155 4 1.00273 [ 1.00392 9 846
480 1.00039 1 1.00159 2 1,00279 5 1.00401 7 864
490 1.00040 1 1.00161 3 1.00284 5 1.00408 6 882
500 1.00041 1.00164 3 1.00289 4 1.00414 6 300
510 1.00041 1 1.00167 1 1.00293 2 1.00420 4 918
520 1.00042 1.00168 2 1.00295 3 1.00424 3 936
530 1.00042 1 1.00170 <1 1.00298 3 1.00427 4 954
540 1.00043 1.00171 1 1.00301 2 1.00431 3 972
550 1.00043 1.00172 1 1.00303 1 1.00434 1 990
560 1.00043 1.00173 1 1.00304 1 1.00435 2 1008
570 1.00043 1.00174 1.00305 1 1.00437 1 1026
580 1.00043 1 1.00174 1.00306 1.00438 1 1044
590 1.00044 1.00174 1.00306 1.00439 1062
600 1.00044 1.00174 1.00306 1.00439 1080
610 1.00044 1.00174 1.00306 1 1.00439 1098
620 1.00044 1.00174 1.00307 1.00439 - 1 1116
630 1.00044 1.00174 1.00307 - 1 1.00438 1134
640 1,00044 -1 1.00174 1.00306 - 1 1.00438 - 1 1152
650 1.00043 1,00174 -1 1.00305 -1 1.00437 - 1 1170
660 1.00043 1.00173 1.00304 1.00436 - 1 1188
670 1,00043 1.00173 -1 1.00304 -1 1.00435 - 2 1206
680 1.00043 1.00172 1,00303 - 2 1.00433 - 2 1224
690 1.00043 1.00172 -1 1.00301 1.00431 - 1 1242
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TABLE 3.~ COMPRESSIBILITY FACIOR Z = FV/RT FOR MOLECULAR NITROGEH - Comtinued

%k 1 atm 4 atm 7 atm 10 atm °R
700 1.00043 1.00171 -1 1.00301 - 2 1.00430 - 2 1260
710 1.00043 -1 1.00170 1.00299 -1 1.00428 - 2 1278
720 1.00042 1.00170 -1 1.00298 -1 1.00426 - 1 129
730 1.00042 1.00169 -1 1.00297 -1 1.00425 - 2 1314
740 1.00042 1.00168 1.00296 - 2 1.00423 - 2 1332
750 1.00042 1.00168 -1 1.00294 - 1 1.00421 - 2 1350
760 1.00042 -1 1.00167 -1 1.00293 - 2 1.00419 ~ 3 1368
770 1.00041 1.00166 -1 1.00291 - 2 1.00416 - 2 1386
780 1.00041 1.00165 - 1 1.00289 -1 1.00414 - 3 1404
790 1.00041 1.00164 -1 1.00288 - 2 1.00411 - 2 1422
800 1.00041 -1 1.00163 - 5 1.00286 - 9 1.00409 - 1 1440
850 1.00040 -2 1.00158 - 4 1.00277 - 8 1.00396 - 12 1530
900 1.00038 - 1.00154 - 5 1.00269 - 9 1.00384 - 12 1620
950 1.00037 -1 1.00149 - 5 1.00260 - 8 1.00372 -1 1710
1000 1.00036 -1 1.00144 - 5 1.00252 - 8 1.00360 - 12 1800
1050 1.00035 -1 1.00139 - 4 1.00244 - 8 1.00348 - n 1890
1100 1.00034 -1 1.00135 - 5 1.00236 - 8 1.00337 - n 1980
1150 1.00033 -1 1.00130 - 4 1.00228 - 7 1.00326 - 10 2070
1200 1.00032 -1 1.00126 - 4 1.00221 - 7 1,00316 - 10 2160
1250 1.00031 -1 1.00122 -3 1.00214 - 6 1.00306 - 9 2250
1300 1.00030 -1 1.00119 - 4 1.00208 - 6 1.00297 - 9 2340
1350 1.00029 -1 1.00115 - 3 1.00202 - 7 1.00288 - 9 2430
1400 1.00028 -1 1.00112 - 4 1.00195 - 5 1.00279 - 8 2520
1450 1.00027 -1 1.00108 - 3 1.00190 - 6 1.00271 - 8 2610
1500 1.00026 1.00105 - 3 1.00184 - 5 1.00263 - 7 2700
1550 1.00026 -1 1.00102 - 2 1.00179 - 5 1.00256 - 1 2790
1600 1.00025 -1 1.00100 - 3 1.00174 - 5 1.00249 - 7 2880
1650 1.00024 1.00097 - 3 1.00169 - 4 1.00242 - 7 2970
1700 1.00024 -1 1.00094 - 2 1.00165 - 5 1.00235 - & 3060
1750 1.00023 -1 1.00092 - 3 1.00160 - 4 1.00229 - 6 3150
1800 1.00022 1.00089 - 2 1,00156 - 3 1.00223 - 5 3240
1850 1.00022 -1 1.00087 - 2 1.00153 - 5 1.00218 - 6 3330
1900 1.00021 1.00085 - 2 1.00148 - 3 1.00212 - 5 3420
1950 1.00021 -1 1.00083 - 2 1.00145 - 4 1.00207 - 5 3510
2000 1.00020 1.00081 - 2 1.00141 - 3 1.00202 - 5 3600
2050 1.00020 -1 1.00079 - 2 1.00138 - 3 1.00197 - 4 3690
2100 1.00019 1.00077 - 2 1.00135 - 3 1.00193 - 5 3780
2150 1.00019 -1 1.00075 -1 1.00132 - 3 1.00188 - 4 3870
2200 1.00018 1.00074 - 2 1.00129 - 3 1.00184 - 4 3960
2250 1.00018 1.00072 - 2 1.00126 - 3 1.00180 - 4 4050
2300 1.00018 -1 1.00070 -1 1.00123 - 2 1.00176 - 3 4140
2350 1.00017 1.00069 -1 1.00121 - 3 1.00173 - 4 4230
2400 1.00017 1.00068 - 2 1.00118 - 2 1.00169 - 3 4320
2450 1.60017 -1 1.00066 -1 1.00116 - 3 1.00166 - 4 4410
2500 1.00016 1.00065 - 1 1.00113 - 2 1.00162 - 3 4500
2550 1.00016 1.00064 - 2 1.00111 - 2 1.00159 - 3 4590
2600 1.00016 -1 1.00062 -1 1.00109 -2 1.00156 - 3 4680
2650 1.00015 1.00061 -1 1.00107 - 2 1,00153 - 3 4770
2700 1.00015 1.00060 -1 1.00105 - 2 1.00150 - 3 4860
2750 1.00015 1.00059 -1 1.00103 -1 1.00147 - 2 4950
2800 1.00015 -1 1.00058 - 1 1.00102 - 3 1.00145 - 3 5040
2850 1:00014 1.00057 -1 1.00099 - 2 1.00142 - 3 5130
2900 1.00014 1.00056 -1 1.00097 -1 1.00139 - 2 5220
2950 1.00014 1.00055 - 1 1.00096 -1 1.00137 - 2 5310

3000 100014 1.00054 1,00095 1.00135 5400
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TABLE 3.- COMPRESSIBILITY FACTOR Z = PV/RT FOR MOLECULAR HITROGEN - Comtimued

%t 10 atm k0 atm T0 atm 100 atm °r
110 .805 63 198
120 .873 13 216
130 906 2 234
140 927 15 252
150 9416 s 736 [5] 270
160 .9529 &8 799 “ 288
170 .9617 ] .843 30 306
180 .9685 57 873 26 .787 50 324
190 .9742 46 .899 20 .837 34 342
200 .9788 37 .9185 156 .8705 264 .844 34 360
210 .9825 2 .9341 126 .8969 m .878 pal 378
220 .9857 26 9467 104 .9180 i .905 2 396
230 .9883 22 L9571 87 .9352 92 9268 1w 414
240 .9905 19 .9658 n 9494 19 .9445 148 432
250 .99235 159 97311 614 .9613 99 .9593 123 450
260 .99394 B7 97925 528 9712 & 9716 106 468
270 .99531 nz .98453 7 .9797 n .9822 & 486
280 .99648 102 .98900 384 .9868 61 9911 ™ 504
290 .99750 88 .99284 36 .9929 55 .9986 68 522
300 .99838 1] .99620 288 .9984 5 1.0054 57 540
310 .99915 [ .99908 2% 1.0029 4 1.0111 50 558
320 .99981 % 1.00157 26 1.0070 34 1.0161 43 576
330 1.00040 s1 1.00373 190 1.0104 30 1.0204 38 594
330 1.00091 45 1.00563 165 1.0134 26 1.0242 22 612
350 100136 39 1.00728 144 1.0160 = 1.0274 28 630
360 1.00175 35 1.00872 128 1.0182 20 1.0302 = 648
370 1.00210 30 1.01000 m 1.0202 18 1.0327 2 666
380 1.00240 27 1.01111 98 1.0220 15 1.0349 19 684
390 1.00267 z 1.01209 o 1.0235 13 1.0368 15 702
400 1.00290 -] 1.01292 7 1.0248 » 1.0383 15 720
410 1.00312 18 1.01369 & 1.0260 10 1.0398 13 738
420 1.00330 15 1.01435 54 1.0270 8 1,0411 10 756
430 1.00345 15 1.01489 5 1.0278 8 1.0421 9 774
440 1.00360 12 1.01540 “ 1.0286 6 1.0430 8 792
450 1.00372 n 1.01584 36 1.0292 6 1.0438 6 810
460 1.00383 9 1.01620 2 1.0298 4 1.0444 5 828
470 1.00392 9 1.01652 30 1.0302 5 1.0449 5 846
480 1.00401 7 1.01682 2 1.0307 3 1.0454 4 864
490 1.00408 [ 1.01704 22 1.0310 3 1.0458 3 882
500 1.00414 6 1.01726 18 1.0313 3 1.0461 3 900
510 1.00420 4 1.01744 12 1.0316 1 1.0464 2 918
520 1.00424 3 1.01756 n 1.0317 1 1.0466 1 936
530 1.00427 4 1.01767 hi ] 1.0318 2 1.0467 1 954
540 1.00431 3 1.01778 9 1.0320 1 1.0468 1 972
550 1.00434 1 1.01787 4 1.0321 1.0469 990
560 1.00435 2 1.01791 4 1.0321 1.0469 -1 1008
570 1.00437 1 1.01795 1 1.0321 1.0468 1026
580 1.00438 1 1.01796 1 1.0321 1.0468 -1 1044
590 1.00439 1.01797 - 2 1.0321 -1 1.0467 -2 1062
600 1.00439 1.01795 1.0320 1.0465 -1 1080
610 1.00439 1.01795 - 3 1.0320 -1 1.0464 -1 1098
620 1.00439 -1 1.01792 - 5 1.0319 -1 1.0463 -2 1116
630 1.00438 1.01787 - 3 1.0318 -1 1.0461 -2 1134
640 1.00438 -1 1.01784 - 6 1.0317 -1 1.0459 -2 1152
650 1.00437 -1 1.01778 - 6 1.0316 -1 1.0457 -1 1170
660 1.00436 -1 1.01772 - 6 1.0315 -2 1.0456 -3 1188
670 1.00435 - 2 1.01766 - 6 1.0313 -1 1.0453 -2 1206
680 1.00433 - 2 1.01760 - 10 1.0312 -2 1.045) -3 1224
690 1.00431 -1 1.01750 - 6 1,0310 -1 1.0448 -2 1242
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TABLE 3.- COMPRESSIBILITY FACTOR Z = FV/RT FOR MOLECUTAR RITROGEN - Concluded

°r 10 atn 40 atm T0 atm 100 atm °R

700 1.00430 -2 1.01744 -9 1.0309 -2 1.0446 -2 1260
710 1.00428 -2 1,01735 -9 1.0307 -1 1.0444 -3 1278
720 1.00426 -1 1.01726 - 6 1.0306 -2 1.0441 -2 1296
730 1.00425 -2 1.01720 -9 1.0304 -1 1.0439 -3 1314
740 1.00423 - 2 101711 -9 1.0303 -2 1.0436 -3 1332
750 1.00421 -2 1.01702 -9 1.0301 - 2. 1.0433 -2 1350
760 1.00419 - 3 1,01693 -1 1.0299 -2 1.0431 -4 1368
770 1.00416 - 2 1.01680 - 10 1.0297 -2 1.0427 -3 1386
780 1.00414 -3 1.01670 - 8 1.0295 -2 1.0424 -1 1404
790 1.00411 1.01662 -1 1.0293 -1 1.0423 -3 1422
800 1.0041 -1 1.0165 -5 1.0292 -1 1.0420 ~15 1440
850 1.0040 -2 1.0160 -5 1.0282 -9 1.0405 -4 1530
900 1.0038 -1 1,0155 - 5 1.0273 -9 1.0391 -1 1620
950 1.0037 -1 1.0150 -5 1.0264 -9 1.0378 -1 1710
1000 1.0036 -1 1.0145 -5 1.0255 -8 1.0365 -B 1800
1050 1.0035 -1 1.0140 -5 1.0237 -9 1.0352 -1 1890
1100 1.0034 -1 1.0135 - 4 1.0238 -8 1.034] -1 1980
1150 1.0033 -1 1.0131 - 4 1.0230 -7 1.0330 -1n 2070
1200 1,0032 -1 1.0127 -4 1.0223 -7 1.0319 -1 2160
1250 1,0031 -1 1.0123 - 4 1.0216 -7 1.0309 -10 2250
1300 1.0030 -1 1.0119 -3 1.0209 -6 1.0299 -9 2340
1350 1.0029 -1 1.0116 -4 1.0203 -7 1.0290 -1 2430
1400 1.0028 -1 1.0112 -3 1.0196 -6 1.0280 -9 2520
1450 1.0027 -1 1,0109 - 4 1.0190 -5 1.0271 -1 2610
1500 1.0026 1.0105 -3 1.0185 -5 1.0264 -7 2700
1550 1.0026 -1 1.0102 -2 1.0180 -5 1.0257 -7 2790
1600 1.0025 -1 1.0100 -3 1.0175 -5 1.0250 - 7 2880
1650 1,0024 1.0097 -3 1.0170 -5 1.0243 -1 2970
1700 1.0024 -1 1.0094 -2 1.0165 -5 1.0236 -7 3060
1750 1.0023 -1 1.0092 -3 1.0160 -4 1.0229 - 6 3150
1800, 1.0022 1,0089 -2 1.0156 -3 1.0223 -3 3240
1850 1,0022 -1 1,0087 -2 1.0153 -5 1.0218 - 6 3330
1900 1.0021 1.0085 -2 1.0148 -3 1.0212 - 5 3420
1950 1.0021 -1 1,0083 -2 1.0145 -4 1.0207 -5 3510
2000 1.0020 1.0081 -2 1.0141 -3 1.0202 -5 3600
2050 1.0020 -1 1.0079 -2 1.0138 -3 1.0197 -4 3690
2100 1.0019 1,0077 -2 1.0135 -3 1.0193 - 5 3780
2150 1.0019 -1 1.0075 -1 1.0132 -3 1.0188 -4 3870
2200 1.0018 1.0074 -2 1.0129 -3 10184 -4 3960
2250 1,0018 1,0072 -2 1.0126 -3 1.0180 - 4 4050
2300 1.0018 -1 1.0070 -1 1.0123 -2 10176 -3 4140
2350 1,0017 1.0069 -1 1.0121 -3 1.0173 -4 4230
2400 1.0017 1.0068 -2 1.0118 -2 1.0169 -3 4320
2450 " 1.0017 -1 1.0066 -1 1.0116 -3 1.0166 - 4 4410
2500 1.0016 1.0065 -1 10113 -2 1.0162 -3 4500
2550 1.0016 1.0064 -2 1.0111 -2 1.0159 -3 4590
2600 1.0016 -1 1,0062 -1 1.0109 -2 1.0156 - 3 4680
2650 1.0015 1.0061 -1 10107 -2 1.0153 - 3 4770
2700 1.0015 1.0060 -1 1.0105 -2 1.0150 -3 4860
2750 1.0015 1,0059 -1 1.0103 -1 1.0147 - 2 4950
2800 1.0015 -1 1.0058 -1 1.0102 -3 1.0145 - 3 5040
2850 1.0014 1.0057 -1 1.0099 -2 1.0142 -3 5130
2900 1.0014 1.0056 -1 1.0097 -1 1.0139 -2 5220
2950 1.0014 1.0055 -1 1.0096 -1 1.0137 -2 5310

3000 1.0014 1.0054 1.0095 1.0135 5400
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PABLE Y4.- DENSTTY p/Pg OF MOLECULAR NITROGEN

°g 0.01 atm 0.1 atm 0.4 atm 0.7 atm SR
100 02731 ~249 .27353 —2497 1.1000 -105 1,936 ~181 180
110 .02482 —206 .24856 ~2078 .9985 - 844 1,755 -9 198
120 02276 -176 22778 1757 9141 -m 1.606 -127 216
130 .02100 -150 .21021 -1505 .8430 - &7 1.479 -~107 234
140 .01950 -130 .19516 -3 .7823 - 526 1.372 -9 252
150 .01820 -113 .18213 ~1140 72973 - s 1.2792 -~ 808 270
160 01707 -101 .17073 ~1006 .68384 - 50 1.1984 -T2 288
170 .01606 -8 16067 - M 64341 -~ 3591 1,1272 - 630 306
180 01517 -8 .15173 -9 60750 - 3209 1.0642 -~ 565 324
190 01437 -7 .14374 - 79 57541 - 2887 1.0077 - 506 342
200 .01365 -6 .13655 - 651 .54654 - 2611 95706 - 4582 360
210 .01300 -5 .13004 -5 .52043 -7 91124 - 5160 378
220 .01241 ~ 54 12413 - 540 .49672 el .B6964 - 319 396
230 .01187 -4 .11873 - 455 47507 - 1 .83168 - MmB 414
240 .01138 - 48 .11378 - 456 .45524 ~ 1824 79690 - 3198 432
250 .01092 - 10922 - 420 .43700 - 1684 76492 - 29%0 450
260 .01050 -3 .10502 - 33 42016 - 1338 73542 -zm 468
270 .01011 -3 .10113 - 361 40458 - 147 .70811 - M 486
280 .00975 -3 .09752 - 337 .39011 - 1347 68277 - 259 504
290 .00941 -3 209415 - 34 37664 - 1297 .65918 - 201 522
300 .00910 -29 .09101 - 36407 - urs 63717 - 2059 540
310 .00881 -28 .08808 - 27 .35232 - 1102 .61658 - 1929 558
320 .00853 -2 .08532 - 23 34130 - 1035 59729 - 113 576
330 .00827 -2 .08274 -2 .33095 ~ 974 57916 - 1708 594
340 .00803 -2 .08030 -29 232121 ~ 918 56211 - 1608 612
350 .00780 -2 .07801 -ay 31203 - 887 .54603 - 1518 630
360 .00758 -20 .07584 - 205 .30336 - & .53085 - 1437 648
370 .00738 -2 07379 - 1M .29515 - m .51648 - 1360 666
380 .00718 -18 .07185 - 18 .28738 - ™ .50288 ~ 1290 684
390 .00700 -1 .07001 - 175 .28001 - 700 .48998 - 126 702
400 .00683 -17 .06826 - 167 227301 - 66 47772 - nes 720
410 .00666 -16 .06659 - 158 .26635 - &5 .46606 - 1110 738
420 .00650 ~15 06501 - 15 .26000 - &5 45496 - 1059 756
430 00635 -u .06350 - 145 .25395 ~ 517 .44437 - 1010 774
440 .00621 - 14 .06205 - 138 .24818 - 5582 .43427 - 96 792
450 00607 - 06067 - 132 .24266 - 5 42462 - 924 810
460 .00594 -1 .05935 - 126 .23739 - 508 .41538 - &34 828
470 .00581 -12 .05809 -1 .23234 - 45 40654 - 847 846
480 .00569 -12 .05688 - 16 .22749 - 454 .39807 - &8 864
490 .00557 -1 .05572 -m .22285 - M5 .38994 - T80 882
500 .00546 -1 .05461 - 108 .21839 - &8 .38214 - 900
510 .00535 - 10 .05353 - 13 .21411 - 4R 37465 -2 . 918
520 .00525 -10 .05250 - 9% .20999 - 3% 36744 - &3 936
530 .00515 -9 .05151 - 9% .20603 - 38 .36051 ~ &8 954
540 .00506 -10 .05056 - 92 .20222 - 368 .35383 - & 972
550 .00496 -~ 8 .04964 - & .19854 ~ 355 .34740 - & 990
560 .00488 -9 .04875 - &8 19499 - 3 .34119 - s 1008
570 .00479 -8 .04790 - @ 19157 - 30 .33521 - 513 1026
580 .00471 - 8 .04707 -7 .18827 - 319 .32943 - 559 1044
590 .00463 -8 .04628 - 78 .18508 - 3 .32384 - 5% 1062
600 .00455 -7 .04550 - 74 .18199 - 298 .31845 - =3 1080
61 .00448 - 8 .04476 - T2 17901 - 289 .31322 ~ 505 1098
62 .00440 -7 .04404 - 70 17612 -9 .30817 - am 1116
630 .00433 -6 04334 - 68 17333 - .30328 ~ 414 1134
640 .00427 -7 04266 - & 17062 - & .29854 -~ 4 1152
650 .00420 - 6 .04200 - @ 16799 - =4 .29395 - 45 1170
660 00414 - & .04137 - & 16545 - 7 .28950 - p2 1188
670 .00408 -6 .04075 - & .16298 - 240 .28518 - &0 1206
680 .00402 - 6 .04015 - 58 16058 - .28098 - 407 1224
690 .00396 - 6 .03957 - 57 .15826 - 1 27691 - 35 1242
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°x 0.0l atm 0.1 atm 0.4 atn 0.7 stm °r
700 .00390 -5 .03900 - 55 .15599 - a9 27296 - as 1260
710 .00385 -6 .03845 - 5 .15380 - 4 26911 - s 1278
720 .00379 -5 03792 -~ 5 15166 - 208 .26537 - a3 1296
730 00374 -5 .03740 - % .14958 - 20 .26174 - 1314
740 .00369 -5 .03690 - % 14756 - 197 .25820 - 34 1332
750 00364 -5 03640 ~ 48 .14559 - 191 25476 - m5 1350
760 .00359 - 4 .03592 - 4 14368 - 187 .25141 - 327 13268
770 00355 - 5 03546 - 46 .14181 - m .24814 - 318 1386
780 .00350 - 4 .03500 ~ 4 .14000 - 1718 .24496 - 310 1404
790 .00346 -5 .03456 -8 .13822 - 12 .24186 - 302 1422
800 .00341 -20 .03413 - 201 13650 - g3 .23884 - 1405 1440
850 .00321 ~18 03212 - 1718 .12847 - 74 22479 -124 1530
900 .00303 -1 .03034 - 160 .12133 - &8 .21230 -my7 1620
950 .00287 -1 .02874 - 144 .11495 - 55 .20113 -0 1710
1000 00273 -13 .02730 - 130 .10920 - 520 19108 - 910 1800
1050 00260 -12 .02600 -1us .10400 - 4 .18198 - =71 1890
1100 .00248 -1 .02482 - 108 .09927 - 4, 17371 - 75 1980
1150 00237 -9 .02374 - % .09496 - 3% 16616 - &2 2070
1200 .00228 - 10 02275 - 91 .09100 - 384 15924 - @71 2160
1250 .00218 -8 02184 - 8 .08736 - 36 .15287 ~ 583 2250
1300 .00210 -8 .02100 - .08400 - 14699 - sy 2340
1350 .00202 -7 .02022 - R .08089 - 29 14155 - 506 2430
1400 .00195 -7 .01950 - 67 .07800 - 289 13649 - 40 2520
1450 .00188 -6 .01883 - 8 07531 - =1 13179 - M0 2610
1500 .00182 -6 .01820 -5 .07280 - 25 12739 - m 2700
1550 00176 -5 01761 - 55 07045 - 220 12328 - 3 2790
1600 00171 - 6 .01706 - 51 .06825 - 207 11943 - 32 2880
1650 .00165 - 4 .01655 - 49 06618 - 194 11581 ~ 30 2970
1700 .00161 -5 01606 - 4 06424 - 134 11241 - 1 3060
1750 .00156 -4 .01560 -8 06240 - 1B .10920 - 304 3150
1800 .00152 - 4 .01517 - 41 06067 - 184 .10616 - 286 3240
1850 .00148 - 4 01476 -3 .05903 - 1% 10330 - 212 3330
1900 .00144 - 3 .01437 - 3 .05748 - 148 .10058 ~ 28 3420
1950 .00140 -3 .01400 - 35 .05600 - 140 .09800 - 245 3510
2000 00137 - 4 01365 - 3 .05460 -1 .09555 - 23 3600
2050 .00133 -3 01332 - R .05327 - 127 .09322 - 22 3690
2100 .00130 -3 .01300 - 30 .05200 - 12 .09100 - 212 3780
2150 00127 -3 .01270 - 9 05079 - 15 .08888 - 202 3870
2200 .00124 -3 .01241 - 28 04964 - 1o 08686 - 193 3960
2250 .00121 -2 .01213 - 2 .04854 - 106 .08493 - 184 4050
2300 .00119 -3 .01187 -5 .04748 - 11 .08309 - 17 4140
2350 00116 -2 01162 - 24 04647 - 9 .08132 - 19 4230
2400 .00114 -3 .01138 - % .04550 - 9 07963 - 13 4320
2450 00111 -2 01114 - .04457 - & .07800 - 1% 4410
2500 .00109 -2 .01092 -a .04368 - & 07644 - 150 4500
2550 .00107 -2 .01071 - 2a .04283 - @ 07494 - 144 4590
2600 .00105 -2 .01050 -2 .04200 - M .07350 - 139 4680
2650 .00103 -2 .01030 - 19 .04121 - 76 07211 - m 4770
2700 .00101 -2 01011 - 18 .04045 - .07078 - 129 4860
2750 .00099 -1 00993 - 18 03971 -7 06949 - 124 4950
2800 .00098 -2 .00975 - 17 .0390C - & .06825 - 19 5040
2850 .00096 -2 .00958 -1 .03832 - & 06706 - 1us 5130
2900 .00094 -1 .00941 - 15 03766 - & .06590 - nz 5220
2950 .00093 -2 .00926 - 16 03702 - & 06478 - 18 5310

3000 .00091 .00910 03640 .06370 5400
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TABLE k.. DENEITY p/p, OF MOLECULAR NITROGEN - Combimed

°K 1 atn % atm 7 atm 10 atm °r
100 2,783 —266 12,010 -1440 24.40 -468 180
110 2,517 -216 10,570 -1030 19.72 -234 30.83 -4 198
120 2,301 -182 9.540 - s 17.38 -168 26.06 —~288 6
130 2.119 -155 8,715 - & 15.70 -1 23.18 -215 234
140 1.964 -1 8.026 - 576 14.37 -109 21,03 ~170 252
150 1.8305 -1161 7.4501 - 4355 13.276 - 921 19.331 143 270
160 1.7144 ~1022 6.9546 - 010 12,349 - 198 17.508 -1208 288
170 1.6122 - 906 6.5236 -39 11.551 - 5 16,700 -1038 306
180 1.5216 - 808 6.1443 - 38 10.855 - & 15,662 - 912 324
190 1.4408 - 72 5.8080 ~ 3004 10.243 - 543 14,750 - & 342
200 1.36809 - &2 5.50755 ~ 27008 9.7004 - 4863 13,947 - T4 360
210 1.30247 - 5% 5.23747 -~ 290 9.2141 - 0 13.233 - 643 378
220 1.24288 - 5138 4.99317 - 224 8.7760 - %70 12,590 -5 396
230 1.18853 - #76 4,77113 - 2088 8.3790 - 3616 12,011 - 52 414
240 1.13877 - a5 4,56830 - 18604 8.0174 -~ 108 11,485 - 480 432
250 1.09301 -z 4,38226 -1m1 7.6866 - 3039 11.005 - a0 450
260 1.05080 - 3%08 4,21105 - 15824 7.3827 - 288 10.565 - 45 468
270 1.01174 - 363 4,05281 - 1448 7.1024 - 29 10.160 - 375 486
280 .97549 - N3 3.90623 - 164 6.8431 — 2407 9.785 - 347 504
290 94176 - 47 3.76999 - 148 6.6024 - 2241 9.438 -2 522
300 .91029 - 2944 3.64304 - 181 6.3783 - 2090 9.1160 - 3009 540
310 .88085 - 2738 3.52443 - 1m0 6.1693 - 1956 8.8151 -2 558
320 .85327 - 2550 3.41337 - 10423 5.9737 - 104 8.5340 - 2635 576
330 82737 -~ 248 3.30914 - 9m7 5.7903 - 1724 8.2705 - 2473 594
340 .80299 - 23 3.21117 - 91 5.6179 - 162 8.0232 -8 612
350 .78001 -~ 170 3,11886 - am2 5.45572 - 15298 7.7904 - a9 630
360 .75831 - am 3.03174 - ans 5.30274 - 1450 7.5711 - 2072 648
370 3779 - 194 2.94936 -~ 71196 5.15814 - 1B&D 7.3639 - 1960 666
380 .71835 - 1844 2,87140 - pw 5.02134 - 12968 7.1679 - 186 684
390 69991 -1t 2.79747 - mas 4.89166 - 1210 6.9823 - 1762 702
400 .68240 - 1666 2.72729 - et18 4,76856 - 170 6.8061 - 1674 720
410 66574 - 1588 2,66053 - a5 4.65156 - 11 6.6387 - 152 738
420 .64988 - 1513 2.59698 - w5 4.54022 - 10607 6.4795 - 1517 756
430 63475 - 180 2,53643 - sm0 4.43415 - 126 6.3278 - 147 774
440 .62032 -~ 1P 2,47863 -~ ss20 4.33289 - 92 6.1831 - 1381 792
450 60653 -~ 1320 2.42343 - =m 4.23627 - 98 6.0450 -1 810
460 .59333 -~ 123 2.37066 - 5054 4.14389 - e 5.9129 - 126 828
470 58070 - 129 2,32012 - 48R 4.05544 - @an 5.7866 - 11 846
480 56861 ~ ne 2,27170 -~ a4 3.97071 - a» 5.6655 - 160 864
490 .55700 - 15 2.22529 - w57 3.88948 - 7798 5,5495 - ms3 882
500 54585 - 1010 2,18072 - om 3.81150 -~ Tas8 5.4382 - 1070 900
510 .53515 - 1030 2,13790 - s 3.73662 - v 5.3312 - 1027 918
520 52485 - 90 2.09676 - 3960 3.66469 - &% 5,2285 ~ 988 936
530 51495 - o4 2.05716 - 3m2 3.59543 - o8 5.1297 - 952 954
540 50541 - 919 2,01904 - un 3,52875 - & 5.0345 - a7 972
550 49622 - 63 1.98231 - 334 3.46452 - a9 4.9428 - &8 990
560 48736 -~ &5 1.94690 - a8 3.40262 - = 4.8545 - @3 1008
570 47881 - @ms 1.91272 - 13298 3.34289 - sme1 4.7692 - & 1026
580 47055 - 8 1.87974 - 38 3,28522 - 5388 4.6870 - s 1044
590 46257 - ™M 1.84788 - 3030 3.22954 -~ 5@ 4,6075 - 188 1062
600 .45486 - 1.81708 - 2978 317571 - 5206 4,5307 - 1080
610 44740 - 1 1.78730 - 283 3.12365 - so0a 4.4564 - 79 1098
620 44019 - &9 1.75847 - zm 3.07324 - 4w 4,3845 - &8 1116
630 43320 - &7 1.73056 - ;04 3,02446 - a1 4.3150 - 6 1134
640 42643~ &5 1,70352 - a1 2,97723 - &1 4.2476 - &4 1152
650 41988 - o1 167731 - %0 2.93146 - um» 4.1822 - o3 1170
660 A1351 - ar 1.65191 - 245 2.88707 - a9 4,1189 - 64 1188
670 40734 - m» 1.62726 - % 2.84398 - am 4.0575 - 5% 1206
680 40135 - s=; 1.60334 - = 2.80218 - 43 3.9979 - 59 1224
690 .39554 - 55 1.58011 -~ 2= 2.76163 - »ae 3.9400 - 562 1242
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TABIE k.- DERSITY p/po OF MOLECULAR NITROGEN - Continued

°x 1 atm 4 atm 7 atn 10 atm °R

700 .38989 - s3 1.55755 - a9 2.72218 - 389 3.8838 - 54 1260
710 .38439 - sm 1.53563 - 2133 2.68389 - 15 3.8292 - =82 1278
720 37906 - s19 1.51430 - a3 2.64664 - 3 3.7760 - 51 1296
730 37387 - s 1.49357 - am7 2,61041 - 3525 3.7244 -~ 503 1314
740 36881 - m 1.47340 - 19%5 2,57516 - sz 3.6741 - 1332
750 36390 - & 1.45375 - 11 2.54088 - 34 3.6252 - 416 1350
760 35911 - 4 1.43464 - 182 2.50747 - 32:2 3.5776 ~ 464 1368
770 35445 - &5 1.41602 - a4 2.47495 - 318 3.5312 - 482 1286
780 234990 - 1.39788 - 1788 2,44327 - 309 3.4860 - M0 1404
790 34547 - &1 1.38020 - 1724 2.41237 - xm 3.4420 - 00 1422
800 .34116 - 2007 1.36296 - em 2.38226 - b3 3.3990 -19% 1440
850 .32109 -7 1.28285 - 72 2.24233 -1 3.1994 -1m 1530
900 30326 - 15% 1.21163 - en 2.11792 - mi» 3.0223 - 1588 1620
950 28730 - 143 1.14792 - 14 2.00663 - 1ms 2.8635 - 149 1710
1000 .27294 - 1300 1.09058 - =188 1.90645 - % 2.7206 - 1293 1800
1050 25994 -1m 1.03870 - 4ne 1.81582 - au0 2.5913 -uz»% 1890
1100 .24813 - 1078 99152 - a308 1.73342 - 1324 2.4737 - 1073 1980
1150 23735~ 9 .94846 - 348 1.65818 - 6898 2.3664 - sm 2070
1200 22746 - 910 .90898 - 33 1.58920 - &6 2.2681 - 96 2160
1250 .21836 -~ 9 87265 ~ :mm 1.52574 - s&9 2.1775 - @5 2250
1300 20997 - m8 .83912 - - 305 1.46715 - sa% 2.0940 - T4 2340
1350 20219 - =2 .80807 - 234 1.41289 - =506 2.0166 - ns 2430
1400 19497 - &2 77923 - x4 1.36253 - 4 1.9448 - &9 2520
1450 .18825 - a7 75239 - 206 1.31561 - om 1.8779 - 64 2610
1500 .18198 - sm 72733 - M 1.27183 - a9 1.8155 ~ 58 2700
1550 17611 -~ 550 .70389 - 2198 1.23087 - 3sa1 1.7570 - s 2790
1600 _.17061 - 171 68191 - 2064 119246 - 38 1.7022 - 514 2880
1650 16544 - am 66127 - 18 1.15638 - 3% 1.6508 - 45 2970
1700 16057 - =8 64184 - 18 1,12242 - nw@ 1.6023 - 4571 3060
1750 15599 - a4 .62351 - 1m0 1.09040 - 3024 1.5566 - o1 3150
1800 15165 - 40 60621 - 137 1,06016 - 8 1.5135 - 49 3240
1850 .14755 - 388 .58984 - 13 1.03153 - 2709 1.4726 - s 3330
1900 14367 - 8 57433 - up 1.00444 - 273 1.4340 - 371 3420
1950 13999 - 3%0 55961 - mss 97871 - 23 1.3973 - a3 3510
2000 13649 - w3 .54563 -~ 1330 .95428 - 24 1.3625 - 3 3600
2050 13316 - 317 .53233 - ne .93104 - 24 1.3292 - 315 3690
2100 12999 - @ 51967 - 1207 .90890 - 2am 1.2977 - 3@ 3780
2150 12697 - B 50760 - 1um .88779 - a6 1.2675 - 28 3870
2200 .12409 - 276 49606 - no0 .86763 - 195 1.2388 -5 3960
2250 12133 - .48505 - 1034 .84838 - 18p 1.2113 - % 40500
2300 11869 - = .47451 - 1009 .82996 - 17m 1.1850 - 251 4140
2350 1617 - 2w 46442 - 941 .81232 - 1% 1.1599 - 242 4230
2400 A1375 - 3 45475 - 91 79542 - 12 1.1357 - m2 4320
2450 1142 - 22 .44548 - &0 77920 - 1586 1.1125 - 22 4410
2500 10920 - 214 .43658 - w6 76364 - 146 1.0904 - a8 4500
2550 .10706 - 208 .42802 - &2 .74868 - 14 1.0690 - x5 4590
2600 10500 - 1 .41980 - ™ .73430 - Dt 1.0485 - 197 4680
2650 10302 - 131 .41188 - 2 .72046 - b33 1.0288 - 191 4770
2700 10111 - 184 .40426 - 15 70713 - 1284 1.0097 - 1@ 4860
2750 09927 - m 39691 - 708 69429 - 129 .9914 - 1w 4950
2800 09750 - 1m .38983 - e 68190 - us 9737 - m 5040
2850 09579 - 15 .38299 - 66995 - nm 29567 - 15 5130
2900 09414 - 160 37639 - @ .65842 - nu .9402 - 15 5220
2950 09254 - 14 37002 - e 64726 - 1078 .9243 - 134 5310

3000 .09100 .36385 .63648 .9089 5400
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NACA TN 3271
TABLE 4.~ TENSITY p/po OF MOLECULAR HITROGEN - Comtinusd

°x 10 atm k0 atm 0 atm 100 atm °R
110 30.83 -477 198
120 26.06 ~288 216
130 23,18 ~215 234
140 2103 -170 252
150 19,331 -1z 98.9 =135 270
160 17.908 -1208 85.4 -2 288
170 16,700 -1038 76.2 ~ &7 . 306
180 15.662 - 912 69.5 - % 134.9 -148 324
190 14.750 - e 63.9 -4 120.1 -1 342
200 13,947 -4 59.45 - 378 109.77 - 80 161.7 -137 360
210 13,233 - 643 55.67 -~ 324 101.47 - 6 148.0 -109 378
220 12.590 - 59 52.43 - 94.635 - 5T 137.1 - 9% 396
230 12,011 - 526 49.61 - 250 88.856 - 4976 128.08 -7 414
240 11.485 - 480 47.11 -z 83.880 - oR2 120,45 - &1 432
250 11.005 - 450 44,893 - 1998 79.528 - 3859 113.84 - 5716 450
260  10.565 - 405 42.895 - 1610 75.689 - 3435 108,08 - 518 468
270  10.160 - 375 41,085 -~ 1646 72.254 - 3R 102,95 - 457 486
280 9.785 - 37 39.439 - 1508 69,172 - 2196 98,38 - a0 504
290 9.438 -2 37.931 - 1388 66.376 - 2566 94.28 - 37 522
300 9.1160 - 3009 36.543 - 1280 63,810 - 2135 90.523 - 341 540
310 8.8151 - 2611 35.263 - 1187 61.475 ~ 264 87.109 - 3137 558
320 8.5340 ~ 285 34,076 - 1104 59.311 - 1991 83,972 ~ 2888 576
330 8.,2705 - A7 32,972 -~ 1050 57.320 — 1850 81.084 - 26m 594
340 8.0232 - 228 31.942 - 954 55.470 - 173 78.407 - 241 612
350 7.7904 - 29 30.978 - 9B 53,747 - 1606 75,930 - 2310 630
360 7.5711 - 212 30,075 - &0 52.141 - 1509 73.620 - 2163 648
370 7.3639 —~ 1960 29,225 - 8n 50.632 - 1419 71,457 ~ 2029 666
380 7.1679 - 1856 28,424 - 755 49.213 - 12 69.428 - 1904 684
390 6.9823 - 1762 27.669 - 714 47.881 - 12% 67.524 - 1783 702
400 6.8061 - 1674 26,955 - 61 46,625 - 19 65,741 - 1696 720
410 6.6387 - 152 26.278 - &3 45.434 - uz: 64,045 - 1603 738
420 6.4795 - 1517 25,635 - 9 44,309 - 1084 62,442 -~ 1511 756
430 6.3278 - 1447 25,026 - 581 43.245 - 1016 60,931 - 14% 774
440 6.1831 - 1381 24,445 ~ 54 42.229 - 982 59.495 - 18 792
450 6.0450 -1 23,891 - 528 41,267 - 58.128 - 129 810
460 5.9129 - 1283 23.363 - 504 40,346 - » 56,832 - 12 828
470 5.7866 -zn 22.859 - a8 39.473 - 8 55,596 - D 846
480 5.6655 - 160 22,376 - 18 38,631 - ™ 54.412 - 13 864
490 5.5495 - 11 21.915 - M 37.832 - 77 53.281 - 1081 882
500 5.4382 - 1070 21.472 - 45 37.065 - 78 52.200 - 138 900
510 5,3312 - 1027 21,047 - 407 36.327 - T2 51,162 - 93 918
520 5.2285 - 988 20,640 - 92 35.625 - &5 50.169 - o 936
530 5.1297 - 92 20.248 - 34,950 - &4 49,217 - 916 954
540 5.0345 - 917 19.871 - 38 34.296 - &7 48,301 - R 972
550 4.9428 ~ & 19.508 - 39 33,669 - &1 47.419 - 81 990
560 4,.8545 - a3 19,159 - 33,068 - 580 46,572 - 83 1008
570 4.7692 - & 18,822 - s 32,488 - 2 45,759 R ) 1026
580 4,6870 - 75 18,497 - 31.927 - 30 44.970 - 758 1044
590 4,6075 - 18 18.184 - 3 31.386 - 520 44,212 - 128 1062
600 4.5307 - 43 17.881 - 30.866 - 506 43,484 - 1080
610 4,4564 - n9 17.588 - 30.360 - a3 42,775 - &8s 1098
620 4.3845 - &5 17.305 - % 29.873 - 4 42,089 -~ &0 1116
630 4.3150 - 614 17.031 - %6 29.402 - &7 41.429 - 640 1134
640 4.2476 - &1 16,765 - = 28.945 - M2 40,789 - 620 1152
650 4,1822 - &3 16.508 - 29 28.503 - 49 40,169 - 4 1170
660 4,1189 - a4 16.259 - 22 28,074 - 414 39.565 - 580 1188
670 4.0575 - 5% 16,017 - 27.660 - A 38.985 - 58 1206
680 3.9979 - 5M 15,783 - 27.256 - 390 38.419 - 545 1224
690 3.9400 - s 15.556 - 2z 26.866 - @ 37.873 - 54 1242




NACA TN 3271

TABLE k4.~ IENSITY p/po OF MDLECULAR HITROGEN - Concluded

°K 10 atm 50 atm T0 atm 100 atm °R
700 3.8838 - 54 15,334 - 24 26,485 -~ 368 37.339 - 518 1260
710 3.8292 - = 15.120 - 209 26,117 - 30 36.821 - 501 1278
720 3.7760 - 516 14.911 - 204 25.757 - M8 36.320 ~ 491 1296
730 3.7244 - sm 14,707 - 197 25.409 - M1 35.829 - 474 1314
740 3.6741 - 3 14.510 - 1% 25.068 - 330 35,355 - a8 1332
750 3.6252 - 476 14,318 - 187 24,738 - 320 34,894 - 453 1350
760 3.5776 - 14,131 - 1 24,418 - 3B 34,441 - 34 1368
770 3.5312 - 452 13.949 - I8 24,105 - 304 34,007 - a7 1386
780 3.4860 - 440 13,771 - 1 23.801 - 7 33,580 - 1404
790 3.4420 - o0 13.598 - 16 23,504 - 3 33.159 - 405 1422
800 3.3990 - 199 13.429 - 78 23,212 - 1345 32.754 - 18 1440
850 3.1994 - 1n 12.646 - &1 21.866 - 193 30.871 - 1676 1530
900 3.0223 - 1589 11.949 - &3 20.673 - 1070 29,195 - 1502 1620
950 2.8635 - 149 11,326 - 561 19.603 - m 27.693 - 135 1710
1000 2.7206 - 1293 10.765 - 508 18,631 - 88 26,342 - 123 1800
1050 2.5913 - 176 10.257 - 46 17.763 - ™ 25,119 - 116 1890
1100 2,4737 - 101 9.796 - 2z 16,971 -5 24,003 - 1020 1980
1150 2.3664 - 9 9.374 - 3@ 16.246 - &7 22,983 - 934 2070
1200 2.2681 - 906 8.987 - 356 15.579 - 22.049 - 8l 2160
1250 2.1775 - &5 8.631 - 39 14.966 - 565 21,188 - 7% 2250
1300 2.0940 - 8.302 - 305 14,401 - 5% 20.393 - 73 2340
1350 2.0166 - 78 7.997 - 2 13.875 ~ 486 19,655 - 689 2430
1400 1.9448 - 69 7.714 - 264 13.389 —- 454 18.971 - &8 2520
1450 1.8779 - 64 7.450 - 245 12,935 - &5 18.333 - 59 2610
1500 1.8155 - 5B 7.205 - 230 12.510 - 398 17.734 - 5681 2700
1550 1.7570 - 548 6.975 - 7 12,112 - 17,173 - 525 2790
1600 1.7022 - 514 6.758 - 2 11.739 - 350 16.648 - D 2880
1650 1.6508 - A5 6.555 - 19 11.389 ~ 39 16.155 - 45 2970
1700 1.6023 - 57 6.364 - 1 11.060 - 15,690 - 48 3060
1750 1.5566 - o1 6.184 - 170 10.749 - 2 15,252 - 45 3150
1800 1.5135 - 49 6.014 - 18R 10.455 - 20 14.837 - 3% 3240
1850 1.4726 ~ 385 5.852 - 15 10.175 - 268 14.443 - m 3330
1900 1.4340 - 37 5.699 - 145 9,912 - 2 14,072 - 555 3420
1950 1.3973 - M3 5.554 - 18 9.661 - 28 13,717 - 3% 3510
2000 1.3625 - 3 5.416 - B’ 9.423 - 7 13.381 ~ 320 3600
2050 1,3292 - 315 5.285 - 124 9.196 - 26 13.061 - 306 3690
2100 1,2977 - 3 5.161 - 120 8.980 - 27 12.755 - 29 3780
2150 1.2675 - 7 5.041 - 114 8,773 - 197 12,465 -9 3870
2200 1.2388 - 25 4,927 - 108 8.576 - 188 12.186 - 26 3960
2250 1.2113 - 263 4.819 - 14 8.388 - 180 11.920 - =5 4050
2300 1,1850 -2 4,715 - 100 8.208 -1 11.665 - 244 4140
2350 1.1599 - w2 4,615 - 9% 8.035 - 165 11.421 - 24 4230
2400 1,1357 - 2 4,519 - 9 7.870 - 1% 11.187 -z 4320
2450 1.1125 - 4,428 - 88 7.711 - 1% 10.962 - a5 4410
2500 1.0904 - 4.340 - 5 7.559 - 7 10.747 - 208 4500
2550 1.0690 - 25 4,255 - a 7.412 - 14 10,539 - 19 4590
2600 1.0485 - w7 4.174 - 7.271 - 13 10.340 - 192 4680
2650 1.0288 - 191 4.096 - 7 7.135 - 130 10,148 - 185 4770
2700 1.0097 - 1 4,020 - R 7.005 - 126 9.963 - m 4860
2750 9914 - m 3.948 - 7 6.879 - 122 9.784 - 13 4950
2800 9737 - 17 3.878 - 68 6.757 - ur ., 9.611 - 165 5040
2850 9567 - 185 3.810 - & 6.640 - 3 9.446 - 160 5130
2900 .9402 - 1% 3,745 - M 6.527 - 1o 9.286 - 156 5220
29590 .9243 - 154 3.681 - a 6.417 - 107 9.130 - 130 5310

3000 .9089 3.620 6.310 8.980 5400



NACA TN 3271

TABLE 5.- SFECIFIC HEAT CP/B OF MOLECUIAR HITROGEN

%k 0.01 atm 0.1 atn 0.k atm 0.7 atm °r
100 3.5012 -1 3.5086 -19 3.5353 -9 3.5687 -218 180
110 3.5011 -1 3.5067 -1 3.5262 - 57 3.5469 =107 198
120 3.5010 -1 3.5054 -9 3.5205 - 38 3.5362 - & 216
130 3.5009 3.5045 - 4 3.5167 - 28 3,5293 -5 234
140 3.5009 3.5039 -5 3,5139 -2 3.5241 - 33 252
150 3.5009 3.5034 -3 3.5118 -16 3,5202 - 28 270
160 3.5009 3.5031 - 4 3.5102 ~14 3.5174 - 24 288
170 3.5009 3.5027 -2 3.5088 -1 3.5150 -9 306
180 3.5009 1 3.5025 -2 3.5077 -7 3.5131 -4 324
190 3.5010 3.5023 -1 3.5070 -7 3.5117 -B 342
200 3.5010 3.5022 -1 3.5063 -5 3.5104 -1 360
210 3.5010 1 3.5021 3.5058 -~ 4 3.5094 -8 378
220 3.5011 3.5021 -1 3.5054 -5 3.5086 -7 396
230 3.5011 2 3.5020 1 3.5049 -2 3,5079 -5 414
240 3.5013 1 3.5021 3.5047 -2 3.5074 -5 432
250 3.5014 2 3.5021 1 3.5045 -1 3.5069 -2 450
260 3.5016 2 3.5022 2 3.5044 3.5067 -3 468
270 3.5018 4 3.5024 3 3.5044 2 3,5064 486
280 3.5022 4 3.5027 4 3.5046 2 3.5064 1 504
290 3.5026 5 3.5031 4 3,5048 3 3.5065 2 522
300 3.5031 5 3.5035 6 3.5051 5 3.5067 3 540
310 3.5036 8 3.5041 8 3.5056 6 3.5070 [ 558
320 3.5044 10 3.5049 9 3.5062 9 3.5076 8 576
330 3.5054 u 3,5058 n 3.5071 10 3.5084 9 594
340 3.5065 n 3.5069 n 3.5081 12 3.5093 b1 612
350 3.5078 15 3,5082 15 3.5093 15 3.5104 1. 630
360 3.5094 17 3.5097 17 3.5108 16 3.5118 16 648
370 3,5111 20 3.5114 20 3.5124 19 3.5134 19 666
380 3.5131 i 3.5134 23 3.5143 3 3.5153 21 684
390 3.5154 F-1 3.5157 F-] 3.5166 24 3.5174 24 702
400 3,5179 27 3.5182 il 3.5190 26 3.5198 26 720
410 3.5206 b1 3.5209 30 3.5216 n 3.5224 30 738
420 3.5237 33 3.5239 33 3.5297 3.5254 2 756
430 3.5270 36 3.5272 36 3.5279 % 3.5286 36 774
440 3.5306 38 3.5308 38 3,5315 37 3.5322 37 792
450 3,5344 82 3.5346 2 3.5352 42 3,5359 £ 810
460 3.5386 a4 3.5388 4 3.5394 1] 3.5400 D 828
470 3.5430 46 3.5432 a6 3.5438 85 3.5443 45 846
480 3.5476 50 3.5478 50 3.5483 50 3.5489 5 864
490 3.5526 2 3.5528 52 3.5533 2 3.5538 52 882
500 3.5578 54 3.5580 53 3.5585 53 3.5590 53 900
510 3.5632 25 3,5634 56 3.5638 56 3,5643 55 918
520 3.5688 5 3.5690 58 3.5694 5 3.5699 %8 936
530 3.5747 61 3.5748 (5] 3.5753 &l 3.5757 8 954
540 3.5808 & 3.5809 & 3.5814 &2 3.5818 e 972
550 3.5871 & 3.5872 & 3.5876 & 3.5880 &5 990
560 3.5936 67 3.5937 67 3,5941 67 3.5945 &7 1008
570 3.6003 ] 3.6004 ] 3.6008 & 3.6012 ] 1026
580 3.6072 70 3.6073 70 3.6077 70 3,6080 70 1044
590 3.6142 72 3.6143 k7 3.6147 I8 3.6150 T2 1062
600 3.6214 k] 3.6215 k] 3.6218 ” 3.6222 ” 1080
610 3.6287 k] 3.6288 b, ] 3,6291 ] 3.6294 = 1098
620 3.6362 75 3.6363 k] 3.6366 b 3.6369 b 1116
630 3.6437 bed 3.6428 7 3,6441 k74 3.6444 ” 1134
640 3.6514 77 3.6515 kid 3.6518 k7] 3.6521 76 1152
650 3.6591 k] 3.6592 )] 3.6595 ki 3.6597 79 1170
660 3.6670 ” 3.6671 ” 3.6674 ” 3.6676 ” 1188
670 3.6749 ] 3.6750 80 3.6753 9 3.6755 &b 1206
680 3.6829 a0 3.6830 80 3.6832 80 3.6835 80 1224
690 3.6909 el 3.6910 a 3.6912 a 3.6915 &80 1242
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TARLE 5.~ SPECIFIC HEAT %ficymmnmmnnmmm-&mmmﬁ
g 0.0l atm 0.1 atn 0.4 atn 0.7 atm °r
700 3.6990 81 3.6991 8 3.6993 8 3.6995 8l 1260
710 3.7071 a 3.7072 8l 3.7074 8 3.7076 a1 1278
720 3.7152 ® 3.7153 8 3.7155 & 3.7157 [:-] 1296
730 3,7234 ® 3.7235 -] 3.7237 82 3.7239 ] 1314
740 3.7316 ® 3.7317 -] 3.7319 ;) 3.7321 ® 1332
750 3,7398 ] 3.7399 -] 3,7401 [:r] 3.7403 -] 1350
760 3,7480 -] 3.7481 ® 3.7483 [:] 3.7485 1 1368
770 3.7562 a 3,7563 a 3.7565 80 3.7566 31 1386
780 3.7643 -3 3.7644 ® 3.7645 .- 3.7647 -] 1404
790 3,7725 81 3.7726 8 3.77127 8l 3.7729 a1 1422
800 3.7806 90 3.7807 70 3.7808 90 3.7810 7% 1440
900 3.8596 ™ 3.8596 0 3,8598 79 3.8599 ksl 1620
1000 3.9326 &6 3.9326 &b 3.9327 656 3.9328 56 1800
1100 3.9982 580 3.9982 580 3.9983 580 3.9984 590 1980
1200 4,0562 510 4.0562 510 4,0563 510 4,0564 09 2160
1300 4,1072 455 4,1072 445 4.1073 a5 4.1073 445 2340
1400 4.1518 b1 4,1518 b 128 4,1519 m 4.1519 01 2520
1500 4,1909 343 4.1909 33 4,1910 342 4,1910 M3 2700
600 4,2252 302 4,2252 02 4.2252 302 4,2253 302 2880
700 4,2554 267 4,2554 267 4.2554 267 4,2555 267 3060
1800 4,2821 236 4,2821 26 4,2821 25 4,2822 25 3240
1900 4,3057 all 4.3057 a1 4.3057 a2 4,3057 a 3420
2000 4.3268 189 4.3268 159 4.3268 19 4,3268 19 3600
2100 4.3457 170 4,3457 170 4.3457 170 4,3457 170 3780
2200 4.3627 19 4.3627 153 4.3627 153 4,3627 153 3960
2300 4,3780 140 4.3780 140 4.3780 140 4,3780 140 4140
2400 4,3920 127 4,3920 127 4.3920 127 4,3920 1271 4320
2500 4.4047 16 4.4047 nse 4.4047 16 4,4047 16 4500
2600 4,4163 107 4,4163 107 4.4163 107 4,4163 107 4680
2700 4,4270 9 4,4270 9 4.4270 9 4.4270 9 4860
2800 4.4369 9 4.4369 9 4.4369 91 4.4369 91 5040
2900 4,4460 &% 4.4460 es 4.4460 3 4.4460 &S 5220
3000 4.4545 4,4545 4.4545 4.4545 5400
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TABLE 5.~ SPECIFIC HEAT Gp/R OF MOLECULAR NTTROGEN - Comtinued

°g 1 atm % atm T ata 10 atm °r
100 3.613 - 180
110 3.5697 -2 198
120 3.5525 ~104 3.775 -8 216
130 3.5421 -7 3,695 -7 3.917 -131 234
140  3.5344 - 56 3.6477 —214 3.786 -8 3.958 -14 252
150 3.5238 -4 3.6203 -195 3.7245 - 4 3.844 - 63 270
160  3.5245 -3 3,6008 ~150 3.6843 -2 3.7764 ~ 4 288
170  3.,5212 -z 3.5858 -18 3.6550 - 3.7295 - 306
180  3.5185 -2 3.5740 - 3.6327 -1 3.6953 -m 324
190  3.5164 -1 3.5646 -7 3.6152 - 3.6680 -4 342
200  3,5146 -nu 3.5569 -6 3.6009 TS 3.6466 -1 360
210 3,5132 -1 3.5506 -5 3.5893 - 9 3.6293 - 14 378
220  3.5120 - 3.5453 -5 3.5797 - @ 3.6150 -1 396
230  3,5108 -7 3.5408 -3 3.5714 - & 3.6028 ~ 101 14
240  3,5101 -7 3.5372 - 3,5647 -» 3.5927 - 8 432
250  3,5094 -5 3.5340 ~27 3.5588 -® 3.5841 -7 450
260 3,5089 - § 3.5313 - 3,5539 - 3.5767 - & 468
270 3,5084 -1 3,5289 - 18 3.5496 - 3% 3.5704 ~ 53 486
280 3,5083 -1 3.5271 -1 3.5460 - 30 3.5651 — 4 504
290  3,5082 1 3.5255 -1 3,5430 - 2 3.5605 - & 522
300  3,5083 2 3,5243 -9 3.5404 -z 3.5565 - 34 540
310  3,5085 5 3.5234 -7 3.5382 - 3.5531 -7 558
320 3,5090 7 3.5227 -3 3.5365 - 12 3.5504 -2 576
330  3,5097 8 3,5224 3.5353 - 8 3.5482 - 18 594
340 3.5105 10 3.5224 3 3.5345 - 6 3.5464 - 12 612
350  3,5115 1 3.5227 7 3.5339 - 3.5452 - 8 630
360  3.5129 15 3.5234 9 3.5339 2 3.5444 - 4 648
370 3,5144 18 3.5243 7] 3.5341 7 3.5440 666
380 3.5162 2 3.5255 1% 3.5348 10 3.5440 5 684
390  3,5183 2 3.5271 18 3,5358 14 3.5445 9 702
400  3,5207 = 3.5289 a 3.5372 16 3.5454 2 720
410  3.5232 30 3.5310 2% 3.5388 a 3.5466 7 738
420  3,5262 3 3.5336 28 3.5409 2% 3.5483 a 756
430 3.5293 - 35 3.5364 31 3.5433 28 3.5504 P2 774
440  3,5328 37 3.5395 M 3.5461 30 3.5528 27 792
450  3,5365 a 3.5429 18 3.5491 5 3.5555 2 810
460  3.5406 8 3.5467 40 3.5526 37 3.5587 N 828
470 3.5449 P 3,5507 © 3.5563 o 3.5621 4 846
480 3.5494 ™ 3.5549 7 3.5603 “ 3.5658 ¥l 864
490  3,5543 2 3.5596 9 3,5647 a7 3.5700 un 882
500  3.5595 5 3.5645 n 3.5694 "] 3.5744 ' 900
510 3.5648 55 3,5696 53 3,5743 51 3.5791 Y] 918
520  3.5703 5 3,5749 57 3.5794 55 3.5840 53 936
530 3.5762 5] 3.5806 58 3.5849 56 3.5893 ] 954
540  3,5822 & 3.5864 & 3.5905 59 3.5948 57 972
550  3,5884 & 3.5925 & 3.5964 @ 3.6005 0 990
560  3,5949 6 3,5988 & 3.6026 & 3.6065 62 1008
570  3,6015 @ 3.6053 &7 3,6089 7 3.6127 @ 1026
580  3,6084 o 3.6120 8 3.6155 8 3.6191 & 1044
590  3,6154 n 3.6188 -m 3.6223 ) 3.6256 6 1062
600  3.6225 n 3.6258 i) 3.6292 b1 3.6324 & 1080
610  3.6298 7 3.6330 B 3.6362 ] 3.6393 n 1098
620  3.6372 ] 3.6403 7 3.6434 ) 3.6464 7 1116
630  3,6447 ” 3.6477 5 3.6507 7 3.6536 B 1134
640  3,6524 b3 3.6552 76 3.6581 s 3,6609 ™ 1152
650  3.6600 ) 3.6628 ™ 3.6656 n 3.6683 7% 1170
660  3,6679 » 3.6706 I 3.6733 7 3.6759 7 1188
670  3.6758 ) 3,6784 b 3,6810 78 3.6835 1206
680  3,6837 ® 3,6862 b 3.6888 78 3.6912 1224
690 3.6917 a 3.6941 80 3.6966 ™ 3.6989 T8 1242
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NACA TN 3271

PAMIE 5.- SPECIFIC HEAT C COF MOLECULAR HITROGEN - Contirued

P
x 1 ata 4 atm T atm 10 atm °p
700 3.6998 a 3.7021 =] 3.7045 9 3.7067 by 1260
710 3.7079 80 3.7101 80 3.7124 » 3.7146 ™ 1278
720 3.7159 & 3.7181 8 3.7203 a 3.7225 ” 1296
730 3.7241 : -] 3.7262 3 3.7284 a0 3.7304 € 1314
740 3.7323 ] 3.7344 a 3.7364 8l 3.7384 80 1332
750 3.7405 ;-] 3.7425 i3 3.7445 18 3.7464 80 1350
760 3.7487 a 3.7506 a 3.7526 80 3.7544 80 1368
770 3.7568 8l 3.7587 8l 3.7606 & 3.7624 b 1386
780 3,7649 ;3 3.7668 18 3.7686 s 3.7703 al 1404
790 3.7731 a 3.7749 =] 3.7767 hil 3.7784 9 1422
800 3,7812 788 3.7829 k-] 3.7846 781 3.7863 mn 1440
900 3.8600 75 3.8614 726 3.8627 7] 3.8640 72 1620
1000 3.9329 (=73 3.9340 [ 3.9350 &51 3.9361 o9 1800
1100 3.9985 ()] 3.9993 578 4.0001 577 4,0010 574 1980
1200 4.0564 510 4.0571 508 4,0578 507 4,0584 507 2160
1300 4,1074 445 4.1079 5 4,1085 [ 4,1091 (7] 2340
1400 4,1520 350 4.1524 90 4.1529 39 4,1533 3, 2520
1500 4,.1910 03 4.1914 342 4,1918 342 4.1922 34 2700
1600 4,2253 02 4,2256 302 4,2260 30 4.2263 300 2880
1700 4,2555 267 4,2558 266 4,2561 266 4,2563 266 3060
1800 4,2822 236 4.2824 26 4.2827 sl 4,2829 a5 3240
1900 4.3058 ail 4,3060 210 4,3062 210 4,3064 210 3420
2000 4,3269 19 4.3270 10 4,3272 189 4.3274 188 3600
2100 4.3458 169 4,3459 1 4.3461 169 4,3462 170 3780
2200 4,3627 13 4,3629 153 4,3630 pL) 4.3632 152 3960
2300 4,3780 140 4,3782 39 4,3783 19 4,3784 140 4140
2400 4,3920 17 4.3921 127 4,3922 127 4.3924 126 4320
2500 4,4047 16 4.4048 s 4.4049 116 4,4050 116 4500
2600 4.4163 107 4,4164 107 4.4165 167 4.4166 105 4680
2700 4.4270 9 4,4271 9 4,4272 98 4.4272 9 4860
2800 4.4369 a1 4.4370 91 4.4370 91 4,4371 91 5040
2900 4.4460 [: 4.4461 & 4,4461 -3 4.4462 [: 3 5220

3000  4.4545 4.4546 4.4546 4.4547 5400



NACA TN 3271

TABLE 5.- SPECIFIC HEAT CP/R OF MOLECULAR NITROGEN ~ Contimed

< 10 atm 4% atm 70 ata 100 atm %R
140 3.958 -n4 - 252
150 3.844 - 68 270
160 3,7764 - 469 288
170 3.7295 -3 306
180 3.6953 -2 4,522 ~198 324
190 3.6680 - 214 4,3244 ~-1579 5.219 -359 342
200 3.6466 - 17 4.1865 -102 4,860 —-243 5.64 - 45 360
210 3.6293 ~ 13 4,0844 - 786 4.617 -175 5.19 -30 378
220 3.6150 - 122 4.0058 - 627 4,442 -13% 4.89 -2 396
230 3.6028 - 101 3.9431 -~ 505 4.310 -1 4,67 -16 414
240 3.5927 - 8 3.8926 -4 4.207 -8 4.51 -B 432
250 3.5841 - 3.8505 - 350 4,124 - 68 4.38 -1 450
260 3.5767 - & 3.8155 - 29 4,056 ~ -5 4,28 -8 468
270 3,5704 - 5 3,7856 -2 4,000 - 47 4,20 -7 486
280 3.5651 - 4 3.7603 -9 3.953 -4 4,128 - 58 504
290 3.5605 - 4 3.7384 - 189 3.913 -35 4,070 - B 522
300 3.5565 - 34 3.7195 - 164 3.878 - 30 4.021 - & 540
310 3.5531 -7 3,7031 - 142 3.848 -2 3.979 - 36 558
320 3.5504 -2 3,6889 - 125 3.822 -3 3.943 - R 576
330 3,5482 - 18 3.6764 - 108 3,799 ~20 3.911 - 28 594
340 3.5464 - 12 3.6656 - 9 3.7719 -17 3.883 -2 612
350 3.5452 - 8 3.6561 - a 3.7619 - 153 3.858 - a 630
360 3.5444 - 4 3,6480 -7 3.7466 - 135 3.837 - 20 648
370 3.5440 3.6410 - 5 3.,7331 - 16 3.817 - B 666
380 3.5440 5 3.6351 - 50 3.7215 - 102 3.801 - 15 684
390 3,5445 9 3.6301 - 4 3.7113 - % 3.786 - 13 702
400 3.5454 12 3.6260 -3 3,7023 - 75 3.773 - 720
410 3.5466 17 3.6227 - 24 3.6948 - & 3.761 - 10 738
420 3.5483 2 3.6203 -1 3.6882 - 5 3.7511 - & 756
430 3.5504 24 3,6184 -1u 3.6829 - 45 3.7423 - 1 774
440 3.5528 7 3.6173 - 5 3.6784 - 38 3.7349 - & 792
450 3.5555 » 3.6168 3.6746 - 26 3.7284 - 5 810
460 3,5587 34 3.6168 7 3.6720 -2 3.7231 -~ & 828
470 3.5621 n 3.6175 10 3.6698 - 13 3.7186 ~- 3% 846
480 3.5658 42 3.6185 20 3.6685 - 6 3.7150 ~- 5 864
490 3.5700 4 3.6205 20 3.6679 1 3.7125 - 882
500 3.5744 A7 3.6225 25 3.6680 5 3.7104 - B 900
510 3.5791 L] 3.6250 2 3.6685 10 3.7091 - 6 918
520 3,5840 5 3.6279 L] 3.6695 17 3.7085 1 936
530 3.5893 55 3.6313 33 3.6712 2 3.7086 [ 954
540 3.5948 51 3.6351 -] 3.6733 26 3.7092 n 972
550 3.6005 ] 3.6393 o 3.6759 29 3,7103 17 990
560 3.6065 & 3.6436 48 3.6788 » 3.7120 20 1008
570 3.6127 o4 3.6484 50 3.6823 36 3.7140 F-] 1026
580 3.6191 & 3.6534 5 3.6859 a 3.7165 30 1044
590 3.6256 &3 3.6587 55 3.6900 #“ 3.7195 b7} 1062
600 3.6324 ] 3.6642 58 3.6944 45 3.7229 35 1080
610 3.6393 n 3.6700 5 3.6989 5 3.7264 £ 1098
620 3.6464 ” 3.6759 -] 3,7040 50 3.7305 qa 1116
630 3.6536 2] 3.6821 & 3.7090 55 3.7346 46 1134
640 3.6609 k] 3.6884 “ 3.7145 55 3.7392 7 1152
650 3.6683 76 3.6948 &7 3.7200 5 3.7439 50 1170
660 3.6759 76 3.7015 68 3.7259 ] 3.7489 1) 1188
670 3.6835 n” 3,7083 2] 3.7319 61 3.7542 5 1206
680 3.6912 k7] 3,7152 & 3.7380 6 3.7597 54 1224
690 3.6989 T 3.7221 b3 3.7441 & 3.7651 58 1242
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NACA TN 3271
PABIE %.- SPECIFIC HEAT CP/'R OF MOLECULAR HITROGEN - Concluded
g 10 atm 50 atm T0 atm 100 atm °r
700 3.7067 » 3.7293 n 3.7506 & 3.7709 5 1260
710 3.7146 N 3.7364 n 3.7571 [°] 3.7768 ] 1278
720 3.7225 5 3.7435 74 3.7636 [~ 3,7826 62 1296
730 3.7304 e 3.7509 b 3,7703 & 3.7888 © 1314
740 3.7384 8 3.7582 b 3.7772 2] 3.7951 5} 1332
750 3.7464 [:] 3.7656 k] 3,7840 (2] 3.8014 4 1350
760 3,7544 8 3.7731 74 3.7909 70 3.8078 3 1368
770 3.7624 byl 3.7805 7 3.7979 %] 3.8143 o4 1386
780 3.7703 a 3.7879 7% 3,8048 n 3.8207 [ 1404
790 3.7784 )] 3.7955 74 3.8119 & 3.8273 & 1422
800 3.7863 m 3.8029 kel 3.8188 700 3.8338 &b 1440
900 3.8640 rad 3.8766 &4 3,8888 683 3.9004 &3 1620
1000 3.9361 o9 3.9460 &9 3,9556 610 3.9647 5R 1800
1100 4,0010 574 4.0089 560 4.0166 546 4.0239 533 1980
1200 4.0584 507 4.0649 455 4.0712 45 4.0772 Ly ] 2160
1300 4.1051 4“2 4.1144 o4 4,1197 24 4,1247 416 2340
1400 4,1533 3 4.1578 .t 4,1621 374 4,1663 368 2520
1500 4,1922 341 4.1960 335 4,1995 nl 4,2031 325 2700
1600 4,2263 300 4,2295 29 4.2326 92 4,2356 288 2880
1700 4,2563 266 4.2591 26 4,2618 7 4,2644 2 3060
1800 4,2829 5 4,2852 R 84,2875 28 4.2896 26 3240
1900 4.3064 20 4.3084 208 4,3103 206 4,3122 2m 3420
2000 4,3274 128 4,3292 185 4.3309 12 4,3325 18 3600
2100 4.3462 170 4.3478 167 4.3492 166 4,3507 164 3780
2200 4,3632 152 4.3645 151 4.3658 149 4.3671 u7 3960
2300 4.3784 140 4.3796 138 4,3807 137 4,3818 135 4140
2400 4.3924 126 4,3934 15 4,3944 124 4,3953 123 4320
2500 4,4050 16 4,4059 1s 4,4068 14 4.4076 m 4500
2600 4.4166 105 41,4174 106 4.4182 105 4.4189 104 4680
2700 4,4272 ] 4.4280 57 4,4287 97 4,4293 9% 4860
2800 4.4371 91 4.4377 90 4,4384 89 4,4389 o 5040
2900 4.4462 3 4.4467 84 4,4473 [:+3 4.4478 [} 5220
3000 . 4.4547 4,4551 4,4556 4.4561 5400
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NACA TN 3271
PABIE 6.- KNTEALPY (E-E°°)/m:0 OF MOLECULAR HITROGEN

°K 0.01 atm 0.1 atm 0.4 atm 0.7 atm °R
00 1.2777 1281 1,2761 1283 1.2706 1292 1.2650 1300 180
10 1.4058 1283 1.4044 1284 1.3998 1290 1.3950 1297 198
120 1.5341 1281 1.5328 1283 1.5288 1288 1.5247 1292 216
130 1.6622 1282 1.6611 1283 1.6576 1287 1.6539 1292 234
140 1.7904 1281 1.7894 1283 1.7863 1285 1,7831 1289 252
150 1.9185 1282 1,9177 1283 1.9148 1286 1.9120 1289 270
160 2.0467 1281 2.0460 1281 2.0434 1284 2,0409 1286 288
170 2.1748 128 2.1741 1283 2,1718 1285 2.1695 1287 306
180 2.3030 1281 2.3024 2R 2.3003 1283 2.2982 1288 324
190 2.4311 1282 2.4306 1282 2.4286 1285 2.4267 1285 342
200 2.5593 1282 2.5588 128 2.5571 28 2.5553 1266 360
210 2.6875 1281 2.6871 1281 2.6854 1288 2,6838 1284 378
220 2.8156 1288 2.8152 1282 2.8137 1254 2.8122 o8 396
230 2.9439 1282 2.9434 brl.. S 2.9421 120 2,9407 1284 414
240 3.0721 1281 3.0717 1281 3.0704 1282 3.0691 1288 432
250 3,2002 128 3.1998 1282 3.1986 1283 3.1974 1284 450
260 3,3284 1282 3.3280 1283 3.3269 128 3.3258 1284 468
270 3.4566 jr1:o} 3.4563 R 3.4552 128 3.4542 1284 486
280 3.5848 128 3.5845 120 3.5835 1283 3.5826 1283 504
290 3.7130 7R 3.7127 1282 3.7118 128 3,7109 1284 522
300 3.8412 28 3.8409 2 3.8401 1284 3.8393 1284 540
310 3.9695 1283 3.9692 1284 3.9685 12683 3.9677 1284 558
320 4.0978 1283 4.0976 128 4.0968 1284 4.0961 1284 576
330 4,2261 1283 4.2259 1283 4,2252 1284 4.2245 1285 594
340 4.3544 1284 4.3542 1284 4,3536 1284 4.3530 1285 612
350 4,4828 1285 4.4826 1205 4.4820 1286 4,4815 1285 630
360 4.6113 12585 4,6111 285 4.6106 1285 * 4.6100 1286 648
370 4,7398 1265 4.7396 1265 4,7391 1206 4,7386 1286 666
380 4,8683 1267 4,8681 1288 4.8677 1287 4.8672 1288 684
390 4,9970 1287 4,9969 1287 4.9964 1288 4.9960 1288 702
400 5,1257 1289 5.1256 1269 5.1252 1289 5,1248 1289 720
410 5.2546 128 5.2545 1289 5.2541 1269 5.2537 129 738
420 5.3835 1291 5.3834 1291 5.3830 1292 5.3827 1292 756
430 5.5126 1291 5.5125 1291 5.5122 1291 5.5119 1291 774
440 5.6417 1294 5.6416 1294 5.6413 1294 5.6410 1299 792
450 5.7711 129 5.7710 1294 5.7707 1295 5.7705 1294 810
460 5.9005 129 5.9004 1296 5.9002 129 5.8999 1297 828
470 6.0301 1298 6.0300 1298 6.0298 1298 6.0296 1298 846
480 6.1599 1300 6.1598 1300 6.1596 1301 6.1594 1301 864
490 6.2899 1301 6.2898 1301 6.2897 1301 6.2895 1301 882
500 6.4200 1304 6.4199 1304 6.4198 104 6.4196 1305 900
510 6,5504 1305 6.5503 1306 6.5502 305 6.5501 1308 918
520 6,6809 1308 6.6809 1308 6.6807 1308 6.6806 1308 936
530 6.8117 1310 6.8117 1310 6.8115 11 6.8114 B 954
540 6,9427 | 1B12 6.9427 D12 6.9426 812 6.9425 1812 972
550 7.0739 1314 7.0739 1514 7.0738 1M 7.0737 1314 990
560 7.2053 Y7 7.2053 1317 7.2052 817 7.2051 1318 1008
570 7.3370 119 7.3370 1319 7.3369 1319 7.3369 19 1026
580 7.4689 1322 7.4689 2 7.4688 B2 7.4688 B2 1044
590 7.6011 1324 7.6011 1324 7.6011 74 7.6010 pir-] 1062
600 7.7335 1327 7.7335 1327 7.7335 1327 7.7335 7 1080
610 7.8662 1330 7.8662 1230 7.8662 1530 7.8662 130 1098
620 7.9992 183 . 1.9992 13 7.9992 1383 7.9992 piss) 1116
630 8.1325 1235 8.1325 1335 8.1325 1135 8.1325 1336 1134
640 8.2660 1338 8.2660 118 8.2660 1339 8.2661 1338 1152
650 8.3998 1341 8.3998 1341 8.3999 1341 8.3999 341 1170
660 8.5339 1344 8.5339 1344 8.5340 B4 8.5340 BM 1188
670 8.6683 1347 8.6683 1347 8.6684 147 8.6684 1348 1206
680 8.8030 349 8.8030 1349 8.8031 BY 8.8032 4 1224
690 8.9379 1353 8.9379 153 8.9380 1353 8.9381 1353 1242
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PABIE 6.~ ERTHALPY (E-Eoo) OF MOLECULAR HITROGEN - Comtimued

b4 0.0l atm 0.1 atn 0.4 atm 0.7 atm °r
700 9.0732 1356 9.0732 1356 9.0733 1356 9.0734 85 1260
710 9.2088 1358 9.2088 358 9.2089 1358 9.2090 B 1278
720 9.3446 1362 9.3446 B2 9.3447 32 9.3448 1363 1296
730 9.4808 364 9.4808 D6k 9.4809 1345 9.4811 1364 1314
740 9.6172 1368 9.6172 1368 9.6174 1368 9.6175 1368 1332
750 9.7540 170 9.7540 170 9.7542 1370 9.7543 1370 1350
760 9.8910 1374 9.8910 14 9.8912 by} 9.8913 134 1368
770 10.0284 1376 10,0284 1376 10.0286 1376 10.0287 1376 1386
780  10.1660 1380 10.1660 1380 10.1662 1380 10.1663 1381 1404
790  10.3040 pit] 10.3040 B0 10.3042 1383 10.3044 1383 1422
800 10.4423 13985 10.4423 13985 10.4425 13987 10.4427 13987 1440
900 11.8409 s 11.8409 14265 11.8412 14265 11.8414 14266 1620
1000 13.2674 14519 13.2674 14519 13,2677 14520 13,2680 14520 1800
1100 14,7193 14746 14,7193 14746 14,7197 14745 14.7200 U746 1980
1200 16,1939 14944 16.1939 14344 16,1943 14545 16.1946 14945 2160
1300 17.6883 15119 17.6883 15119 17.6888 15119 17.6891 15119 2340
1400  19.2002 127 19.2002 15273 19,2007 15273 19.2010 15274 2520
1500 20.7275 15407 20.7275 15407 20.7280 15407 20.7284 15407 2700
1600 22,2682 15524 22,2682 15524 22.2687 15524 22,2691 15524 2880
1700 23,8206 15628 23,8206 15628 23.8211 15628 23.8215 15629 3060
1800 25,3834 15720 25,3834 15720 25,3839 15721 25.3844 15720 3240
1900 26.9554 15802 26,9554 15802 26,9560 15902 26.9564 15802 3420
2000 2B.5356 15876 28,5356 mIe - 28,5362 15876 28.5366 15876 3600
2100 30.1232 15340 30.1232 15340 30,1238 15940 30,1242 1540 3780
2200 31.7172 16000 31.7172 16000 31.7178 16000 31.7182 1000 3960
2300 33,3172 16053 33.3172 16053 33.3178 16053 33.3182 16053 4140
2400  34.9225 16102 34,9225 16102 34.9231 16102 34,9235 16102 4320
2500 36,5327 16146 36.5327 16146 36,5333 16146 36.5337 16147 4500
2600 38,1473 16183 38.1473 14168 38,1479 16188 38.1484 1688 4680
2700 39,7661 16225 39.7661 16225 39,7667 16225 39.7672 16225 4860
2800 41.3886 16259 41,3886 16259 41.3892 16259 41,3897 16259 5040
2900  43.0145 1629 43,0145 16292 43.0151 16292 43,0156 16292 5220
3000 44,6437 44,6437 44.6443 44,6448 5400



NACA TN 3271

TABIE 6.~ ENTHAIPY (n-xo°)/‘m0 OF MOLECULAR NITROGEN - Comtimued

°g 1 atm L atm T atm 10 etm °R

100 1.2589 1313 180
110 1.3902 Bili) 1.3343 1422 198
120 1.5205 1298 1.4765 1363 216
130 1.6503 1296 1,6128 1340 1.5721 1405 234
140 1.7799 1292 1.7471 1330 .1.7126 hrrd 1.6761 1426 252
150 1.9091 1292 1.8801 B2 1.8498 1358 1.8187 134 270
160 2.0383 1289 2.0123 1314 1.9856 1342 1.9581 1572 288
170 2.1672 1289 2.1437 1311 2,1198 1334 2.0953 1369 306
180 2.2961 1287 2.2748 1306 2,2532 1326 2,2313 847 324
190 2.4248 1267 2.4054 1304 2.3858 B2 2.3660 ¥ 342
200 2.5535 1287 2.5358 1301 2.5179 117 2.4999 1332 360
210 2.6822 1285 2.6659 1298 2.6496 mn 2,6331 1325 378
220 2.8107 1285 2.7957 1298 2,7807 1310 2,7656 1321 396
230 2.9393 1288 2.9255 1296 2.9117 1306 2.8977 17 414
240 3.0679 1284 3.0551 1293 3.0423 BB 3.0294 b)) 432
250 3,1963 1284 3.1844 1294 3.1726 1302 3.1607 mn 450
260 3.3247 1285 3.3138 1292 3.3028 1300 3.2918 1309 468
270 3.4532 1204 3.4430 1292 3.4328 1300 3.4227 1306 486
280 3.5816 1285 3.5722 1290 3.5628 1297 3.5533 1304 504
290 3,7101 1204 3.7012 1290 3.6925 1296 3.6837 BB 522
300 3.8385 1284 3.8302 1291 3.8221 1296 3.8140 1302 540
310 3.9669 28 3.9593 1290 3.9517 1295 3.9442 1300 558
320 4,0954 1265 4.0883 1289 4.0812 1295 4.0742 1299 576
330 4,2239 1284 4.2172 1209 4,2107 129 4,2041 1298 594
340 4.3523 1285 4.3461 1290 4,3400 1294 4.3339 1298 612
350 4.4809 1286 4,4751 1290 4,4694 1294 4,4637 1298 630
360 4.6095 1286 4.6041 1290 4.5988 1294 4.5935 1298 648
370 4,7381 1286 4.7331 1290 4,7282 129 4.7233 297 666
380 4.8667 1289 4.8621 1291 4,8575 1295 4,8530 1298 684
390 4.9956 1268 4.9912 1291 4,9870 1294 4.9828 1297 702
400 5.1244 1290 5.1203 1293 5.1164 1296 5.1125 1299 720
410 5.2534 > 1290 5.2496 1293 5.2460 1296 5.2424 1298 738
420 5.3824 1291 5.3789 1295 5.3756 1297 5.3722 1300 756
430 5.5115 292 5.5084 1294 5.5053 1297 5.5022 1299 774
440 5.6407 1295 5.6378 137 5.6350 1299 5.6321 1302 792
450 5,7702 1295 5.7675 1297 5.7649 129 5.7623 1R 810
460 5.8997 1296 5.8972 1299 5.8948 1301 5.8925 1308 828
470 6.0293 129 6.0271 1301 6.0249 1303 6.0228 1305 846
480 6.1592 1301 6.1572 B2 6.1552 1305 6.1533 1306 864
490 6.2893 1301 6.2874 1304 6.2857 1305 6.2839 1308 882
500 6,4194 1305 6.4178 1306 6.4162 1308 6.4147 1310 900
510 6.5499 1305 6.5484 1308 6.5470 09 6.5457 310 918
520 6.6805 1308 6.6792 110 6.6779 D12 6.6767 1314 936
530 6.8113 BN 6.8102 1312 6.8091 1314 6.8081 1314 954
540 6.9424 812 6.9414 1314 6.9405 D1 6.9395 1317 972
550 7.0736 115 7.0728 816 7.0721 817 7.0712 119 990
560 7.2051 117 7.2044 1319 7.2038 1320 7.2031 hiv] 1008
570 7.3368 1320 7.3363 1320 7.3358 B2 7.3353 hive] 1026
580 7.4688 B2 7.4683 1324 7.4680 1326 7.4676 126 1044
590 7.6010 1324 7.6007 w4 7.6006 1326 7.6002 B9 1062
600 7.7334 28 7.7333 1328 7.7332 1330 7.7331 131 1080
610 7.8662 1330 7.8661 1332 7.8662 hi3) 7.8662 133 1098
620 7.9992 3 7.9993 1334 7.9995 335 7.9995 1337 1116
630 8.1325 1336 8.1327 1337 8.1330 1538 8.1332 1339 1134
640 8.2661 1338 8.2664 1339 8.2668 1340 8.2671 141 1152
650 8.3999 1341 8.4003 B0 8.4008 B4 8.4012 1345 1170
660 8.5340 1345 8.5346 D45 8.5352 46 8.5357 1347 1188
670 8.6685 1347 8.6691 48 8.6698 1348 8.6704 13489 1206
680 8.8032 B4 8.8039 1350 8.8046 1351 8.8053 pLiv) 1224
690 8.9381 1354 8.9389 3855 8.9397 155 8.9406 156 1242
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TABLE 6.- ENTHALEY (x - Eo°)

NACA TN 3271

OF MOLECULAR NITROGEN - Comtinued

%k 1 atm b atm T atm 10 atm R
700 9.0735 1356 9.0744 157 9.0752 1358 9.0762 1359 1260
710 9,2091 1358 9.2101 135 9.2110 1360 9.2121 1360 1278
720 9.3449 1363 9.3460 B8 9.3470 1364 9.3481 1365 1296
730 9.4812 1364 9.4823 145 9.4834 1366 9.4846 1367 1314
740 9.6176 ™63 9.6188 1389 9.6200 136 9.6213 1370 1332
750 9.7544 B 9.7557 1871 9.7569 1372 9.7583 172 1350
760 9.8914 1375 9.8928 B 9.8941 1576 9.8955 877 1368
770  10.0289 biy 10.0303 1377 10,0317 177 10.0332 1738 1386
780 10.1665 B® 10.1680 181 10.1694 1381 10.1710 1382 1404
790  10.3045 1383 10.3061 hil: ] 10.3075 1385 10.3092 188 1422
800 10.4428 13388 10.4444 13994 10.4460 13999 10.4477 14005 1440
900 11.8416 1267 11.8438 14270 11,8459 14275 11.8482 14278 1620
1000 13.2683 14520 13.2708 14524 13.2734 14527 13,2760 14530 1800
1100 14,7203 14747 14,7232 14750 14,7261 14753 14,7290 14756 1980
1200 16.1950 14944 16,1982 19947 16,2014 14949 16.2046 14951 2160
1300 17.6894 15120 17.6929 15121 17,6963 15123 17.6997 15125 2340
1400 19.2014 15274 19.2050 175 19,2086 13217 19.2122 15278 2520
1500 20.7288 15407 20,7325 15409 20,7363 15410 20,7400 15412 2700
1600 22,2695 15524 22,2734 15525 22,2773 15526 22,2812 15528 2880
1700 23,8219 15629 23,8259 15630 23.8299 15631 23.8340 15631 3060
1800 25.3848 15720 25,3889 57 25.3930 15722 25,3971 1572 3240
1900 26,9568 15602 26,9610 15803 26,9652 15303 26,9693 15805 3420
2000 28,5370 15876 28.5413 15877 28,5455 15878 28.5498 15878 3600
2100 30,1246 15941 30.1290 15940 30,1333 15941 30.1376 15942 3780
2200 31,7187 16000 31.7230 16001 31.7274 16001 31.7318 16001 3960
2300 33,3187 16053 33,3231 16053 33,3275 16054 33,3319 16055 4140
2400 34.9240 16102 34,9284 16103 34,9329 1610 34,9374 16103 4320
2500 36.5342 16146 36.5387 16146 36.5432 15147 36.5477 16147 4500
2600 38,1488 16183 38.1533 18159 38.1579 16188 38.1624 16189 4680
2700 39,7676 16225 39.7722 16225 39.7767 16226 39,7813 16226 4860
2800 41.3901 1659 41,3947 16259 41,3993 16259 41,4039 16259 5040
2900 43.0160 16292 43,0206 16293 43,0252 16293 43,0298 16293 5220
3000 44.6452 44,6499 44,6545 44,6591 5400




NACA TN 3271

TARLE 6.- ENTHALFY (E-Eo°)/fﬂ!0 OF MOLECULAR NITROGEN - Comtlmued

% 10 atm 40 atm 70 atm 100 atm %

140 1.6761 1426 252
150 1,8187 1394 270
160 1.9581 1372 288
170 2.0953 1360 306
180 2,2313 1347 1.9967 1615 324
190 2.3660 1339 2.1582 1558 1.941 184 342
200 2.4999 132 2.3140 1513 2,125 173 1.94 20 360
210 2.6331 1325 2.4653 b0y 2,298 166 2.14 18 378
220 2.7656 1321 2,6132 1455 2,464 160 2,32 18 396
230 2.8977 1817 2.7587 1435 2,624 156 2.50 17 414
240 3.0294 piyi) 2,9022 1417 2.780 152 2,67 16 432
250 3.1607 D1 3.0439 1398 2,932 149 2.83 15 450
260 3.2918 1309 3.1837 13% 3.081 148 2.98 16 468
270 3.4227 1306 3.3232 1BE 3.229 46 3.14 16 486
280 3.5533 1304 3.4614 1372 3.375 144 3,298 150 504
290 3.6837 13D 3.5986 1365 3.519 14 3.448 148 522
300 3.8140 1302 3.7351 1359 3.662 141 3.596 147 540
310 3.9442 1300 3.8710 5 3.803 140 3,743 145 558
320 4.0742 129 4.0063 1347 3.943 140 3,888 44 576
330 4.2041 1298 4.1410 1345 4,083 139 4.032 182 594
340 4.3339 1298 4,2755 40 4,222 138 4.174 142 612
350 4,4637 1298 4.4095 1337 4,3600 1374 4.316 141 630
360 4.5935 1298 4.5432 1335 4,4974 136 4,457 140 648
370 4,7233 1297 4.6767 1329 4,6343 1364 4.597 1% 666
380 4.8530 1298 4.8096 1331 4.7707 1361 4.736 139 684
390 4.9828 1297 4,9427 1329 4.9068 1358 4,875 18 702
400 5.1125 1299 5.0756 1327 5.0426 1354 5.013 18 720
410 5.2424 1298 5.2083 1325 5.1780 1351 5.151 B8 738
420 5,3722 1300 5.3408 1326 5.3131 1351 5.2892 174 756
430 5,5022 129 5.4734 1323 5.4482 1345 5.4266 B85 774
440 5.6321 1302 5.6057 1325 5.5827 1348 5.5631 1368 792
450 5.7623 132 5.7382 1323 5.7175 1343 5.6999 1362 810
460 5.8925 pili:] 5.8705 325 5,8518 1344 5.8361 1362 828
470 6.0228 805 6,0030 ns 5.9862 132 5.9723 13481 846
480 6.1533 1506 6.1355 ns 6.1204 1344 6.1084 1360 864
490 6.2839 ™8 6.2680 1325 6.2548 1343 6.2444 1258 882
500 6.4147 1310 6.4005 1327 6.3891 B3O 6.3802 1359 900
510 6.5457 1710 6,5332 1327 6.5234 1342 6.5161 1857 918
520 6.6767 BU 6.6659 1329 6.6576 134 6.6518 1359 936
530 6.8081 114 6.7988 1330 6.7920 1345 6.7877 1356 954
540 6,9395 D17 6.9318 1352 6.9265 1345 6.9233 15 972
550 7.0712 1319 7.0650 1332 7.0610 1345 7.0592 1358 990
560 7.2031 1322 7.1982 D35 7.1956 1348 7.1950 1360 1008
570 7.3353 hie) 7.3317 156 7.3304 1343 7.3310 D5 1026
580 7.4676 1326 7.4653 1339 7.4652 1351 7.4669 1363 1044
590 7.6002 1829 7.5992 1340 7.6003 1351 7.6032 1 1062
600 7.7331 1 7.7332 1342 7.7354 1353 7.7393 D& 1080
610 7.8662 33 7.8674 1346 7.8707 85 7.8756 pE 1098
620 7.9995 137 8.0020 47 8.0062 1358 8.0121 »s 1116
630 8.1332 1339 8.1367 1345 8.1420 1357 8.1489 ‘1368 1134
640 8.2671 1341 8.2716 1351 8.2777 1361 8,2857 136 1152
650 8.4012 1345 8.4067 1354 8.4138 1364 8.4226 71 1170
660 8.5357 1347 8.5421 356 8.5502 1365 8.5597 174 1188
670 8.6704 1349 8.6777 BH 8.6867 1368 8.6971 175 1206
680 8.8053 135 8.8136 1361 8,8235 1368 8.8346 1378 1224
690 8.9406 1356 8.9497 LI} 8.9603 1374 8.9724 pEry) 1242
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TARIE 6.~ ENTEAIFY (H-EO°)/EI'.'O OF MOLECOLAR HITROGER - Concluded

NACA TN 3271

°x 10 atm k0 atm T0 atn 100 atm °r
700 9.0762 D5 9.0861 1366 9.0977 nn 9.1103 1381 1260
710 9.2121 1360 9.2227 136 9.2350 BT 9.2484 1384 1278
720 9.3481 1365 9.3596 B3 9.3727 B39 9.3868 1386 1296
730 9.4846 1367 9.4969 BD 9.5106 DAl 9.5254 1388 1314
740 9.6213 170 9.6342 1378 9.6487 1384 9.6642 1391 1332
750 9.7583 hazrd 9.7720 1380 9.7871 185 9.8033 1992 1350
760 9.8955 e/ 9.9100 1382 9.9257 1390 9.9425 1395 1368
770 10.0332 1378 10.0482 1385 10.0647 1391 10.0820 1398 1386
780 10.1710 3R 10.1867 1389 10.2038 134 10.2218 1400 1404
790 10.3092 1385 10.3256 1391 10.3432 1397 10,3618 1402 1422
800  10.4477 14005 10.4647 14058 10.4829 14108 10.5020 14157 1440
900 11.8482 14278 11.8705 14320 11.8937 14359 11,9177 1439 1620
1000 13.2760 14530 13,3025 14563 13.3296 14555 13,3573 14624 1800
1100  14.7290 14756 14.7588 14781 14.7891 14806 14,8197 14632 1980
1200 16.2046 14951 16.2369 14974 16.2697 1474 16.3029 15014 2160
1300 17.6997 15125 17.7343 15163 17.7691 15160 17.8043 15178 2340
1400 19.2122 15278 19.2486 15293 19,2851 15308 19.3221 15321 2520
1500 20.7400 15412 20.7779 15424 20.8159 154038 20.8542 15450 2700
1600 22.2812 15528 22,3203 15539 22,3597 15549 22,3992 15558 2880
1700 23.8340 15631 23.8742 15640 23.9146 15649 23.9550 15659 3060
1800 25.3971 15722 25,4382 15731 25.4795 15738 25.5209 15745 3240
1900 26.9693 15605 27,0113 15811 27.0533 15819 27.0954 15825 3420
2000 28,5498 15878 28,5924 15884 28.6352 15859 28.6779 15695 3600
2100 30,1376 15342 30.1808 15947 30.2241 15952 30,2674 15958 3780
2200 31,7318 16001 31.7755 16006 31.8193 16010 31.8632 16015 3960
2300 33.3319 16055 33.3761 16058 33.4203 16063 33,4647 16065 4140
2400 34.9374 16103 34,9819 16107 35.0266 1611 35.0712 16115 4320
2500  36.5477 16147 36.5926 16150 36.6377 16153 36.6827 16156 4500
2600 38,1624 1619 38.2076 16192 38.2530 1693 38.2983 16196 4680
2700  39.7813 16226 39.8268 16228 39.8723 16231 39,9179 16234 4860
2800 41.4039 16259 41.4496 16262 41.4954 16264 41,5413 16265 5040
2900  43.0298 16293 43,0758 16295 43.1218 16296 43.1678 16298 5220
3000 44.6591 44,7053 44,7514 44,7976 5400



NACA TN 3271
PARLE 7.- ENTROPY S/R OF MOIECULAR HITROGEN

°c 0.0L atm 0.1 atm 0.k atm 0.7 st °r
100 23,8092 3338 21.5037 04 20.1079 364 19.5381 3190 180
110 24.1430 3046 21.8381 3051 20.4443 3065 19.8771 3082 198
120 24,4476 . 2801 22,1432 2805 20.7509 2816 20,1853 2826 216
130 24,7277 9% 22,4237 2597 21.0325 2605 20,4679 2613 234
140 24,9873 2415 22,6834 2417 21.2930 2424 20.7292 2001 252
150 25,2288 2259 22,9251 26 21.5354 2265 20,9723 210 270
160 25.4547 a»n 23,1512 2124 21.7619 a9n 21.1993 as 288
170  25.6670 2000 23.3636 2001 21.9816 1936 21,4126 2007 306
180 25.8670 1893 23.5637 184 22,1752 1897 21.6133 1900 324
190 26,0563 9% 23,7531 1797 22.3649 1798 21,8033 1801 342
200 26,2359 1708 23,9328 1709 22,5447 m 21,9834 me2 360
210 26,4067 1630 24,1037 1629 22,7158 1631 22,1546 163 378
220 26,5697 1556 24,2666 1557 22,8789 1558 22,3179 1559 396
230 26,7253 1490 24,4223 1490 23.0347 1492 22,4738 1493 414
240 26.8743 1429 24,5713 1429 23,1839 1430 22,6231 11 432
250 27.0172 137 24,7142 B4 23,3269 1374 22,7662 BTS 450
260  27.1545 1322 24,8516 1322 23,4643 ns 22,9037 1324 468
270 27,2867 1273 24,9838 1273 23,5966 174 23,0361 1275 486
280 27.4140 1229 25.1111 1229 23,7240 1230 23,1636 131 504
290 27.5369 1188 25,2340 ns 23.8470 1189 23,2867 pai: 522
300 27.6557 1149 25,3529 1149 23,9659 1149 23,4056 150 540
310 27,7706 n 25,4678 me2 24,0808 118 23.5206 ms 558
320 27.8818 1019 25.5790 1019 24.1921 1080 23,6319 1080 576
330 27.9897 1046 25,6869 1046 24,3001 1046 23.7399 1047 594
340 28.0943 1017 25.7915 1017 24,4047 1018 23,8346 1018 612
350 28.1960 988 25,8932 988 24.5065 988 23.9464 928 630
360 28.2948 962 25,9920 963 24,6053 962 24,0452 963 648
370 28.3910 937 26,0883 937 24,7015 938 24,1415 938 666
380 28.4847 912 26,1820 912 24,7953 912 24,2353 912 684
390 28,5759 ;1 26,2732 891 24,8865 o1 24,3265 892 702
400 28.6650 88 26,3623 869 24,9756 889 24,4157 85 720
410 28.7519 849 26,4492 ) 25,0625 a0 24,5026 &80 738
420 28.8368 [:r2} 26,5341 89 25,1475 829 24,5876 829 756
430 28.9197 m 26,6170 812 25.2304 11 8 24,6705 138 774
440 29.0008 ™ 26,6982 ™ 25,3115 LT 24,7516 795 792
450  29.0802 m 26,7775 m 25.3909 778 24.8311 m 810
460 29.1579 62 26,8552 762 25,4687 762 24,9088 762 828
470 29,2341 745 26,9314 745 25,5449 746 24,9850 41 846
480 29,3087 k-l 27.0060 ™ 25.6195 2 25,0597 ™ 864
490 29,3819 79 27.0792 79 25.6927 9 25.1329 9 882
500 29.4538 705 27.1511 705 25.7646 705 25,2048 705 900
510 29.5243 62 27.2216 632 25,8351 &2 25,2753 692 918
520 29.5935 680 27.2908 &80 25,9043 &1 25,3445 681 936
530 29.6615 69 27,3588 669 25,9724 687 25.4126 6 954
540 29,7284 &58 27.4257 &58 26,0393 58 25,4795 658 972
550 29.7942 (51 27,4915 A7 26,1051 647 25.5453 A7 990
560 29.8589 &6 27.5562 36 26,1698 636 25.6100 [573 1008
570  29.9225 627 27.6198 628 26,2334 &27 25,6736 &8 1026
580 29.9852 617 27.6826 617 26,2961 a7 25.7364 617 1044
590  30.0469 608 27.7443 608 26,3578 €08 25,7981 608 1062
600 30.1077 600 27,8051 600 26,4186 500 25.8589 600 1080
610 30.1677 550 27,8651 550 26,4786 590 25.9189 550 1098
620 30.2267 L5 27.9241 Lo} 26.5376 5a3 25,9779 58 1116
630 30,2850 574 27,9824 574 26,5959 574 26.0362 574 1134
640 30,3424 567 28,0398 567 26,6533 567 26,0936 567 1152
650 30.3991 559 28,0965 559 26.7100 560 26.1503 559 1170
660 30,4550 552 28.1524 552 26,7660 552 26,2062 553 1188
670 30,5102 545 28,2076 545 26,8212 548 26,2615 545 1206
680  30.5647 538 28,2621 8 26.8757 08 26,3160 538 1224
690  30.6185 32 28.3159 53 26,9295 532 26,3698 52 1242
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NACA TN 3271
TABLE 7.- ENTROFY S/R OF MOLECULAR HITROGEN - Comtimued
g 0.01 atm 0.1 atm 0.% atm 0.7 atm °R
700 30.6717 525 28.3691 525 26.9827 525 26,4230 528 1260
710  30.7242 519 28.4216 519 27.0352 519 26,4755 519 1278
720  30.7761 5B 28.4735 513 27.0871 513 26,5274 5B 1296
730  30.8274 507 28.5248 507 27.1384 7 26,5787 507 1314
740  30.8781 5w 28.5755 52 27.1891 502 26.6294 502 1332
750 30,9283 55 28,6257 29 27.2393 496 26.6796 ;1350
760  30.9779 490 28,6753 430 27.2889 450 26.7292 50 1368
770  31.0269 3 28,7243 4 27.3379 A 26,7782 45 1386
780  31.0754 48 28,7728 481 27.3864 44 26,8267 431 1404
790 31,1235 a5 28.8209 a5 27.4345 45 26.8748 a5 1422
800 31.1710 4438 28,8684 4498 27.4820 498 26,9223 4“9 1440
900 31.6208 05 29.3182 4105 27.9318 £106 27.3722 s 1620
1000 32.0313 I 29,7287 b2y 28,3424 L5 27.7827 k12 1800
1100 32.4092 3504 30.1066 3504 28,7203 3504 28,1606 3504 1980
1200 32,7596 3268 30.4570 3268 29.0707 268 28,5110 269 2160
1300 33.0864 3060 30,7838 3060 29.3975 2060 28.8379 3060 2340
1400  33.3924 279 31.0898 2819 29.7035 2819 29.1439 2879 2520
1500 33.6803 ms 31.3777 ms 29.9914 mns 29.4318 me 2700
1600 33,9519 270 31.6493 70 30.2630 70 29.7034 x70 2880
1700 34,2089 2430 31.9063 2440 30.5200 2440 29.9604 40 3060
1800  34.4529 n2 32.1503 B2 30.7640 B2 30.2044 n2 3240
1900 34,6851 4 32,3825 2214 30.9962 2214 30.4366 2214 3420
2000  34.9065 s 32.6039 a6 31,2176 e 30.6580 216 3600
2100 35.1181 2025 32.8155 2025 ° 31.4292 2025 30,8696 205 3780
2200 35.3206 1940 33.0180 1940 31.6317 1943 31.0721 1943 3960
2300 35,5149 1866 33,2123 1866 31.8260 1866 31.2664 1866 4140
2400 35,7015 1796 33,3989 7% 32.0126 196 .31.4530 e 4320
2500 35.8811 729 33,5785 179 32.1922 1729 31.6326 1729 4500
2600  36.0540 1669 33,7514 1669 32,3651 1669 31.8055 169 4680
2700  36.2209 1612 33.9183 1612 -32.5320 1612 31.9724 1612 4860
2800 36,3821 1558 34,0795 1558 32.6932 1558 32,1336 1558 5040
2900  36.5379 1509 34,2353 1509 32.8490 1509 32,2894 1509 5220
3000 36.6888 34.3862 32,9999 32.4403 5400
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NACA TN 3271 65
TARIE 7.~ ERTROPY S/R QF MOLECULAR NITROGEN - Comtinued

°c 1t b atn 7 ata 10 atm °r
100 19.1705 3420 17.607 24 16.55 7] 15.19 153 180
110 19.5125 3099 18.031 o] 17.321 485 16.72 55 198
120 19.8224 287 18.3689 298 17.727 22 17.266 350 216
130 20.1061 2623 18.6672 mns 18.0491 284 17.626 301 234
140 20.3684 2036 18.9391 2506 18.3335 ] 17.9274 2688 252
150 20.6120 216 19.1897 2330 18.5925 28 18.1962 2458 270
160  20.8396 atyd 19.4227 an 18,8314 5 18.4420 an 288
170 21,0533 2m 19.6406 2045 19.0539 2082 18,6693 pabz] 306
180 21.2544 1902 19.8451 191 19.2621 1959 18.8815 1991 324,
190 21.4446 1803 20,0382 1826 19,4580 1851 19.0806 1876 342
200 21.6249 1714 20.2208 ™ 19.6431 173 19.2682 un 360
210 21.7963 1635 20.3942 1650 19.8184 1649 19.4457 1685 378
220 21.9598 1560 20,5592 1575 19.9853 1599 19.6143 1602 396
230 22,1158 1494 20.7167 1507 20.1442 1519 19.7745 191 414
240 22,2652 1433 20.8674 1 20,2961 1453 19.9276 1485 432
250 22.4085 eyl 21,0117 185 20.4414 1594 20,0741 1404 450
260 22,5461 1325 21,1502 1332 20,5808 pe | 20.2145 1350 468
270  22.6786 1275 21,2834 28 20.7150 1289 20,3495 129 486
280 22,8061 1231 21,4117 1257 20.8439 124 20,4791 1250 504
290 22.9292 1190 21.5354 nss 20,9683 1201 20.6041 1207 522
300 23.0482 ns1 21.6549 156 21.0884 1161 20.7248 1ss 540
310 23,1633 ms 21,7705 ms 21,2045 nz 20,8414 1128 558
320 23,2746 1060 21.8823 1085 21.3167 1089 20,9542 1092 576
330 23,3826 1048 21.9908 1051 21.4256 154 21.0634 1058 594
340 23.4874 1018 22,0959 1021 21.5310 1025 21.1692 1029 612
350 23,5892 989 22,1980 92 21.6335 995 21,2721 998 630
360 23,6881 963 22,2972 %6 21,7330 969 21.3719 971 648
370 23,7844 938 22.3938 M0 21,8299 943 21.4690 - 945 666
380 23.8782 912 22,4878 915 21,9242 917 21,5636 919 684
390 23.9694 [::7] 22,5793 894 22,0159 ;1 21.6555 ;5 702
400 24,0586 870 22.6687 872 22,1055 874 21.7454 13 720
410 24,1456 819 22,7559 [: 5] 22.1929 as3 21.8329 &5 138
420 24,2305 @0 22.8410 an 22,2782 83 21.9184 [ 756
430 24,3135 811 22,9242 2] 22,3615 as 22,0019 as 774
440 24,3946 ™ 23,0055 796 22.4430 1 22,0835 ™ 792
450 24.4741 m 23,0851 8 22,5227 781 22,1634 TR 810
460  24.5518 763 23,1629 764 22.6008 765 22,2416 766 828
470 24,6281 746 23.2393 748 22.6773 748 22,3182 0 846
480 24.7027 ™ 23.3141 2o 22.7521 ke 22,3932 6 864
490 24.7760 n9 23,3874 721 22.8256 it 22,4668 2 882
500 24.8479 705 23,4595 706 22.8977 708 22,5390 708 900
510 24,9184 (23] 23.5301 &3 22.9685 4 22,6098 65 918
520 24,9877 680 23,5994 681 23.0379 682 22,6793 683 936
530 25,0557 &9 23.6675 670 23.1061 6n 22,7476 672 954
540 25,1226 58 23.7345 &9 23.1732 &9 22,8148 &9 972
550 25.1884 648 23.8004 648 23.2391 o9 22,8807 &50 990
560 25,2532 86 23.8652 &7 23.3040 &8 22.9457 a8 1008
570 25.3168 &7 23,9289 628 23,3678 628 23,0095 (=] 1026
580 25.3795 [5¥4 23,9917 Qs 23,4306 - 618 23,0724 619 1044
590 25.4412 08 24,0535 [5) 23,4924 610 23,1343 &0 1062
600 25,5020 601 24,1144 600 23,5534 601 23.1953 &02 1080
610 25,5621 50 24.1744 591 23.6135 591 23,2555 R 1098
620 25,6211 583 24,2335 584 23,6726 584 23,3147 584 1116
630 25.6794 574 24,2919 574 23,7310 515 23,3731 516 1134
640 25.7368 567 24,3493 568 23,7885 568 23,4307 568 1152
650  25.7935 59 24,4061 359 23.8453 560 23,4875 560 1170
660 25.8494 552 24,4620 553 23,9013 55 23.5435 554 1188
670  25.9046 546 24,5173 545 23.9566 546 23,5989 546 1206
680 25,9592 58 24.5718 539 24,0112 9 23,6535 539 1224
690 26,0130 532 24,6257 53 24.0651 > 23,7074 53 1242

.
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TABLE 7.- EIFEROPY S/R @lmﬂm-&mﬂmmd

NACA TN 3271

°c 1 atn % atm T atm 10 atm °r
700 26.0662 525 24,6790 525 24,1184 =26 23,7607 s26 1260
710  26.1187 519 24,7315 519 24,1710 519 23,8133 521 1278
720 26,1706 533 24,7834 514 24,2229 514 23,8654 514 1296
730 26,2219 507 24,8348 507 24,2743 508 23.9168 507 1314
740 26.2726 502 24,8855 502 24,3251 502 23.9675 Ed 1332
750  26.3228 496 24.9357 497 24.3753 497 24,0178 57 1350
760 26.3724 » 24,9854 490 24.4250 ”l 24,0675 92 1368
770 26.4215 45 25.0344 4 24,4741 A5 24,1167 45 1386
780  26.4700 4: 25.0829 a2 24.5226 [r:-] 24,1652 4 1404
790 26.5)81 475 25,1311 a7 24,5708 4 24,2134 475 1422
800 26,5656 4498 25.1786 4500 24.6183 8502 24,2609 4504 1440
900 27.0154 4106 25,6286 4107 25,0685 4108 24.7113 110 1620
1000 27.4260 e 26,0393 3780 25,4793 3781 25.1223 3781 1800
1100 27.8039 3504 26.4173 3505 25.8574 3506 25.5004 1507 1980
1200 28.1543 3268 26,7678 269 26.2080 249 25.8511 249 2160
1300 28.4811 3061 27.0947 3050 26.5349 3061 26,1780 3062 2340
1400 28.7872 Fi ] 27.4007 2880 26.8410 2880 26,4842 2879 2520
1500 29.0751 mne 27.6887 s 27.1290 s 26,7721 mn1 2700
1600 29.3467 270 27,9603 7 27.4006 =n 27.0438 11 2880
1700 29.6037 2440 28.2173 2440 27,6577 2440 27.3009 2440 3060
1800  29.8477 22 28.4613 Faval 27.9017 o2 27.5449 223 3240
1900  30.0799 2214 28,6936 2214 28.1339 4 27,7772 214 3420
2000 30.3013 216 28,9150 118 28,3553 mz 27.9986 2116 3600
2100 30,5129 2025 29.1266 2025 28.5670 2025 28.2102 226 3780
2200 30.7154 1943 29.3291 190 28.7695 1943 28.4128 1943 3960
2300 30.9097 1866 29,5234 1866 28.9638 1856 28.6071 1% 4140
2400 31.0963 196 29.7100 1796 29.1504 bry1 28.7937 196 4320
2500 31,2759 1729 29,8896 1729 29.3300 1729 28.9733 1729 4500
2600  31.4488 1669 30.0625 1669 29.5029 1669 29.1462 149 4680
2700 31.6157 1612 30,2294 1612 29.6698 1612 29.3131 1612 4860
2800  31.7769 1558 30.3906 1558 29.8310 1558 29.4743 1558 5040
2900 31,9327 1509 30.5464 1509 29.9868 1509 29.6301 1509 5220
3000 32.0836 30.6973 30.1377 29.7810 5400
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TABIE 7.- ENTROPY S8/R OF MOLECULAR NITROGEN - Comtimmed

67

°x 10 atm 5O atm 70 atm 100 atm °r
100 15.19 15 180
110 16.72 55 198
120 17.266 350 12.0 F::] 216
130 17.626 301 14.76 98 234
140 17.9274 2688 15.74 54 13.5 hL} 10.0 31 252
150  18.1962 2458 16,279 380 14.84 n 13.09 137 270
160  18.4420 zn 16.659 308 15,551 % 14.46 75 288
170 18.6693 fav] 16.9669 2685 16.020 358 15.205 495 306
180 18.8815 1991 17.2334 289 16.378 296 15,701 375 323
190 19.0806 1876 17.4723 aw 16.674 8 16.076 306 342
200 19.2682 175 17.6905 2016 16.932 21 16.382 %3 360
210 19,4457 1686 17.8921 1682 17.163 a 16,645 B4 378
220 19.6143 1602 18,0803 1766 17.374 194 16.879 22 396
230 19,7745 1531 18.2569 1668 17.568 161 17.091 195 414
240 19,9276 us 18.4237 1579 17.749 170 17.286 182 432
250 20.0741 1404 18,5816 1504 17.919 161 17.468 169 450
260 20,2145 1350 18,7320 1434 18,0795 1519 17.637 10 468
270 20,3495 1296 18.8754 BN 18.2314 1447 17.797 152 486
280 20,4791 1250 19.0125 315 18,3761 L] 17.949 p2) 504
290 20,6041 1207 19.1440 1266 18.5142 1319 18.093 137 522
300 20.7248 1166 19.2706 1716 18.6461 1267 18.230 31 540
310 20.8414 piv:] 19,3922 un 18,7728 1217 18.3607 1257 558
320 20.9542 1092 19.5095 1134 18.8945 1174 18.4864 1209 576
330 21.0634 1058 19,6229 109 19,0119 1130 18.6073 ue 594
340 21,1692 1029 19,7325 1060 19,1249 1093 18.7236 n2 612
350 21,2721 998 19.8385 10 19.2342 1059 18,8358 1084 630
360 21.3719 971 19.9415 998 19,3401 1026 18.9442 1009 648
370 21.4690 946 20.0413 970 19.4426 993 19,0491 1016 666
380 21,5636 919 20,1383 944 19.5419 95 19.1507 981 684
390 21,6555 89 20,2327 919 19.6384 a8 19,2491 957 702
400 21.7454 [:1:3 20,3246 8% 19,7322 914 19.3448 29 720
410  21.8329 [ 20.4141 [:174 19.8236 8%0 19.4379 904 738
420 21,9184 a5 20.5013 81 19.9126 85 19.5283 -] 756
430 22,0019 ab 20,5864 a2 19.9992 847 19,6165 850 774
440 22,0835 o] 20.6696 813 20.0839 86 19,7025 a8 792
450 22,1634 702 20,7509 5 20.1665 807 19.7863 819 810
460 22,2416 766 20.8304 ™m 20,2472 90 19.8682 798 828
470 22,3182 750 20.9083 160 20,3262 m 19.9480 T 846
480 22,3932 6 20.9843 747 20.4033 56 20,0263 767 864
490 22,4668 > 21,0590 m 20,4789 0 20,1030 751 882
500 22,5390 T08 21,1322 ns 20,5532 6 20,1781 4 900
510 22.6098 -] 21.2040 T04 20.6258 m 20.2515 720 918
520 22,6793 63 21.2744 &0 20,6970 &9 20,3235 706 936
530 22,7476 672 21.3434 680 20,7669 8 20.3941 &M 954
540 22,8148 &9 21.4114 668 20,8357 &4 20.4635 & 972
550 22,8807 &0 21.4782 56 20.9031 663 20.5316 22 990
560 22.9457 638 21,5438 645 20.9694 &1 20,5985 57 1008
N 570 23,0095 629 21,6083 635 21,0345 oa 20.6642 oAb 1026
580 23.0724 £19 21.6718 =2} 21,0986 &30 20,7288 &5 1044
590 23,1343 610 21.7342 816 21.1616 620 20.7923 625 1062
600 23.1953 602 21.7958 607 21,2236 612 20,8548 87 1080
610 23,2555 552 21.8565 597 21,2848 660 20,9165 605 1098
620 23,3147 554 21.9162 583 21.3448 595 , 20,9770 58 1116
630 23,3731 576 21.9750 581 21.4043 584 21.0368 588 1134
640  23.4307 568 22.0331 512 21.4627 576 21.0956 580 1152
650 23,4875 560 22,0903 565 21.5203 568 21,1536 R 1170
660 23,5435 554 22,1468 557 21.5771 561 21,2108 564 1188
670 23,5989 546 22,2025 59 21,6332 554 21,2672 557 1206
680 23,6535 539 22.2574 543 21,6886 545 21.3229 548 1224
690 23,7074 533 22,3117 537 21,7431 539 21.3777 582 1242
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TAELE T.- EFTROPY S8/R OF MOLECULAR NITROGEHN - Comclnded
%k 10 atm %0 atm T0 atm 100 atm °r
700 23,7607 26 22,3654 59 21.7970 552 21,4319 536 1260
710 23,8133 s21 22.4183 =23 21.8502 527 21,4855 529 1278
720  23.8654 514 22,4706 517 21.9029 519 21,5384 3 1296
730 23,9168 507 22,5223 53] 21,9548 513 21.5907 515 1314
740 23,9675 s 22,5734 505 22.0061 508 21.6422 510 1332
750 24,0178 &7 22.6239 49 22.0569 502 21.6932 504 1350
760 24,0675 [ 22,6738 54 22,1071 495 21.7436 498 1368
770 24.1167 455 22,7232 488 22,1566 491 21,7934 @ 1386
780 24,1652 482 22.7720 454 22.2057 485 21.8427 437 1404
790 24,2134 a7 22,8204 478 22,2543 (7] 21.8914 w2 1422
800 24,2609 4504 22,8682 45 22,3022 539 21.9396 4553 1440
900 24,7113 4110 23,3203 4120 22,7561 432 22,3949 45 1620
1000 25.1223 3781 23,7323 3 23.1693 3798 22,8094 3805 1800
1100 25.5004 3507 24,1114 3513 23.5491 3519 23,1899 25 1980
1200 25.8511 3269 24,4627 274 23,9010 2719 23,5424 20 2160
1300 26.1780 3062 24,7901 3064 24,2289 3068 23,8707 72 2340
1400 26.4842 28719 25.0965 poiu] 24,5357 28585 24.1779 2857 2520
1500 26,7721 7 25,3848 ns 24.8242 e 24,4666 724 2700
1600 27.0438 =n 25,6567 =1 25.0964 =73 24.7390 %75 2880
1700  27.3009 2440 25.9140 242 25.3537 224 24,9965 2245 3060
1800 27.5449 3 26,1582 faa) 25,5981 35 25,2410 226 3240
1900 27.7772 2214 26,3905 2215 25,8306 2216 25,4736 a7 3420
2000 27.9986 216 26.6120 s 26.0522 218 25.6953 m9 3600
2100 28,2102 2026 26,8238 2026 26,2640 2027 25,9072 228 3780
2200 28.4128 190 27.0264 1943 26,4667 194 26.1100 1943 3960
2300 28.6071 1866 27,2207 1857 26.6611 1857 26,3043 188 4140
2400 28,7937 1796 27.4074 1796 26.8478 197 26.4911 7 4320
2500 28,9733 1729 27.5870 1730 27,0275 1729 26.6708 o 4500
2600 29.1462 1669 27.7600 1669 27.2004 1670 26.8438 1670 4680
2700 29.3131 162 27.9269 163 27.3674 1613 27.0108 W13 4860
2800 29.4743 1558 28,0882 1558 27.5287 1559 27.1721 15359 5040
2900  29.6301 1509 28.2440 1509 27.6846 1509 27.3280 1510 5220
3000 29,7810 28,3949 27.8355 27.4790 5400
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% 0.01 atm 0.1 atm 0.h atm 0.7 atm °r
100 1.400 1.402 1.409 -2 1.416 -3 180
110 1.400 1.402 -1 1.407 -1 1.413 -3 198
120 1.400 1.401 1.406 -1 1.410 -2 216.
130 1.400 1.401 1.405 -1 1.408 -1 234
140 1.400 1.401 1.404 -1 1.407 -1 252
150 1.400 1.401 1.403 1.406 -1 270
160 1,400 1.401 1.403 -1 1.405 288
170 1.400 1.401 -1 1.402 1.405 -1 306
180 1.400 1.400 1.402 1.404 -1 324
190 1.400 1.400 1.402 1.403 342
200 1.400 1.400 1.402 -1 1.403 360
210 1.400 1.400 1.401 1.403 -1 378
220 1.400 1.400 1.401 1.402 396
230 1.400 1.400 1.401 1.402 414
240 1.400 1.400 1.401 1.402 432
250 1.400 1.400 1.401 1.402 -1 450
260 1.400 1.400 1.401 1.401 468
270 1.400 1.400 1.401 -1 1.401 486
280 1.400 1.400 1.400 1.401 504
290 1.400 1.400 1.400 1.401 522
300 1.400 -1 1.400 -1 1.400 -1 1,401 540
320 1.399 1.399 1.399 1.401 -1 576
340 1.399 1.399 1.399 1.400 612
360 1.399 -1 1.399 -1 1.399 -1 1.400 -1 648
380 1.398 -1 1.398 -1 1.398 -1 1.399 -1 684
400 1.397 -1 1.397 -1 1.397 -1 1.398 ~1 720
420 1.396 -1 1.396 -1 1.396 -1 1.397 ~1 756
440 1.395 -1 1.395 -1 1.395 -1 1.396 -1 792
460 1.394 -1 1.394 -1 1.394 -1 1.395 -2 828
480 1.393 -2 1.393 -2 1.393 -2 1.393 -2 864
500 1.391 -2 1.391 -2 1.391 -2 1.391 -1 900
520 1.389 -2 1.389 -1 1.389 -1 1.390 -2 936
540 1.387 -1 1.388 -2 1.388 -2 1.388 -2 972
560 1.386 -2 1.386 -2 1.386 -2 1,386 -2 1008
580 1.384 -3 1.384 -2 1.384 -2 1.384 -2 1044
600 1.381 -2 1.382 -3 1.382 -3 1.382 -2 1080
620 1.379 -2 -1.379 -2 1.379 -2 1.380 -3 1116
640 1.377 -2 1.377 -2 1.377 -2 1.377 -3 1152
660 1.375 -2 1.375 -2 1.375 -2 1.374 -2 1188
680 1.373 -2 1.373 -2 1.373 -2 1.372 -2 1224
700 L371 -3 1.371 -3 1,371 -3 1.370 -2 1260
720 1.368 -2 1.368 -2 1.368 -2 1.368 -2 1296
740 1.366 -2 1.366 -2 1.366 -2 1.366 -2 1332
760 1.364 -2 1.364 -2 1,364 -2 1.364 -2 1368
780 1.362 -2 1.362 -2 1.362 -2 1.362 -2 1404

"0 T

.35 -9

1000 1331 4 b 4 0.01 atm (Cont.)

1100 1.334 -7

1200 1.327 -5 2300 1.296 -1
2400 1.295 -1

1300 1.322 -5 2508 1.294 -1

1400 1.317 -4 2600 1.293 -1

1500 1.313 -3 2700 1.292 -1

1600 1.310 -3

1700  1.307 -2 2800  1.291 -1
2900 1.290 -1

1800 1.305 -2 3000 1.289

1900 1.303 -2

2000 1.301 -2

2100 1.299 -2

2200 1.297 -1

%At higher temperatures in the 0.0l-atm pressure range 7 is e function only

of temperature as given here.
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TABLE 8.- SPECIFIC-HPAT RATIO 7--(!17/(!Y OF MOLECULAR NITROGEN ~ Conmtdmued

x 1 atm k atm T atm 10 atm °R
100 1.424 -5 180
110 1.419 -4 198
120 1.415 -3 1.467 -15 216
130 1.412 -2 1.452 -8 1.500 -18 234
140 1.410 -1 1.444 -7 1.482 -1 1.526 -2 252
150 1.409 -2 1.437 -6 1.468 -1 1.502 -17 270
160 1.407 -1 1.431 -4 1.457 -6 1.485 -13 288
170 1.406 1.427 —a 1.451 -9 1.472 -10 306
180 1.406 -1 1.423 -3 1.442 3 1.462 -9 324
190 1.405 -1 1.420 -2 1.436 -4 1.453 -6 342
200 1.404 1.418 -2 1.432 -3 1.447 -6 360
210 1.404 -1 1.416 -2 1.429 -4 1.441 -4 378
220 1.403 1.414 -1 1.425 -2 1.437 ~-4 396
230 1.403 1.413 -1 1.423 -2 1.433 -3 414
240 1.403 -1 1.412 -2 1.421 -2 1.430 -3 432
250 1.402 1.410 -1 1.419 -2 1.427 -3 450
260 1.402 1.409 1.417 -2 1.424 -2 468
270 1.402 1.409 -1 1.415 -1 1.422 -2 486
280 1.402 -1 1.408 -1 1.414 -1 1.420 -1 504
290 1.401 1.407 1.413 -1 1.419 -2 522
300 1.401 1.407 -2 1.412 -2 1.417 -3 540
320 1.401 -1 1.405 -1 1.410 -2 1.414 -2 576
340 1.400 1.404 -1 1.408 -2 1.412 -2 612
360 1.400 -1 1.403 -1 1.406 -1 1.410 -2 648
380 1.399 -1 1.402 -1 1.405 -2 1.408 -2 684
400 1.398 -1 1.401 -2 1.403 -1 1.406 -2 720
420 1.397 -1 1.399 -1 1.402 -2 1.404 -2 756
440 1.396 -1 1.398 -2 1.400 -2 1.402 -2 792
460 1.395 -2 1.396 -1 1.398 -1 1.400 -2 828
480 1.393 -2 1.395 -2 1.397 -2 1.398 -2 864
500 1.391 -1 1.393 -2 1.395 -2 1.396 -2 900
520 1.390 -2 1.291 -2 1.393 -3 1.394 -2 936
540 1.388 -2 1.389 -2 1.390 -2 1.392 -3 972
560 1.386 2 1.387 -2 1.388 -2 1.389 -2 1008
580 1.384 -2 1.385 -2 1.386 -2 1.387 -2 1044
600 1.382 -2 1.383 -2 1.384 -3 1.385 -3 1080
620 1.380 -3 1.381 -3 1,381 -2 1.382 -2 1116
640 1.377 -3 1.378 -2 1.379 -2 1.380 -3 1152
660 1.374 -2 1.376 -2 1.377 -3 1.377 -2 1188
680 1.372 -2 1.374 -3 1.374 -2 1.375 -2 1224
700 1.370 -2 1.371 -2 1.372 -2 1.373 -3 1260
720 1.368 -2 1.369 -2 1.370 -3 1.370 -2 1296
740 1.366 -2 1.367 -2 1.367 -2 1.368 -2 1332
760 1.364 -2 1.365 -3 1.365 -2 1.366 ~3 1368
780 1.362 -2 1.362 -2 1.363 -2 1.363 ~2 140~

bgoo  1.360 -10
900 1.350 -9

1000 1.341 -7 °g 1 atm (Cant.)

1100 1.334 -7

1200 1.327 -5 .

23060 1.296 -1

1300 1.322 -5 2400  1.295 -1

1400 1.317 -4 2500 1.294 -1

1500 1.313 -3 2600 1.293 -1

1600 1.310 -3 2700 1.292 -1

1700 1,307 -2

2800 1.291 -1

1800 1.305 -2 2900 1.290 -1

1900  1.303 -2 3000 1.289

2000 1.301 -2

2100 1.299 -2

2200 1.297 -1

bAthiglrrtanyera‘hn-eainthalpatnpcresmmnge 7 18 a function omly
of temperature as given here.



NACA TN 3271 L1
TABIE 8.- SPECIFIC-HEAT RATIO 7-0#(;, OF MOLECULAR NITROGEN - Concluded

%k 10 etm %0 atm 70 atm 100 atm °r
180 1.462 -9 1.723 —65 324
190 1.453 -6 1.658 =36 1.960 -16 342
200 1.447 -6 1.622 -32 1.844 -7 2,11 ~16 360
210 1.44) -4 1.590 -25 1.766 ~ 58 1.95 -10 378
220 1.437 -4 1.565 -20 1.708 - 43 1.85 -7 396
230 1.433 -3 1.545 -17 1.665 - 1.78 -5 414
240 1.430 -3 1.528 -1 1.631 -28 1.73 -5 432

250 1.427 -3 1.514 -1 1.603 -2 1.68 -3 450
260 1.424 -2 1.503 -10 1.581 - 18 1.65° -3 468
270 1.422 -2 1.493 -9 1.563 -1 1.62 -2 486
280 1.420 -1 1.484 -7 1.547 - 14 1.602 -20 504
290 1.419 -2 1.477 -6 1.533 -1n 1.582 -16 522
300 1.417 -3 1.471 -1 1.522 - 19 1.566 26 540
320 1.414 -2 1.460 -9 1.503 -1 1.540 -2 576
340 1.412 -2 1.451 -8 1.487 - 12 1.520 -1 612
360 1.410 -2 1.443 -6 1.475 - 10 1.503 - 14 648
380 1.408 ~2 1.437 -5 1.465 -9 1.489 -9 684
400 1.406 -2 1.432 -5 1.456 -8 1.480 -1 720
420 1.404 -2 1.427 -5 1.448 -7 1.467 - 8 756
440 1.402 -2 1.422 -4 1.441 - 6 1.459 - 8 792
460 1.400 -2 1.418 -3 1.435 -~ 5 1.451 -7 828
480 1,398 -2 1.415 -4 1.430 - 6 1.444 -7 864
500 1.396 -2 1.411 -4 1.424 - 4 1.437 -6 900
520 1.394 -2 1.407 -3 1.420 -5 1.431 -6 936
540 1.392 -3 1.404 -4 1.415 -5 1.425 -5 972
560 1.389 -2 1.400 -3 1.410 - 4 1.420 -5 1008
580 1.387 -2 1.397 -3 1.406 ~ 4 1.415 -5 1044
600 1,385 -3 1.394 -3 1.402 - 4 1.410 - 4 1080
620 1.382 -2 1.391 -3 1.398 -3 1.406 ~ 5 1116
640 1.380 -3 1.388 -3 1.395 - 4 1.401 - 4 1152
660 1.377 -2 1.385 -3 1.391 -3 1.397 ~ 4 1188
680 1.375 -2 1,382 -3 1.388 - 4 1.393 ~ 3 1224
700 1.373 -3 1.379 -3 1.384 -3 1.390 - 4 1260
720 1.370 -2 1,376 -3 1.381 -3 1.386 - 4 1296
740 1.368 -2 1.373 ~3 1.378 -3 1.382 -3 1332
760 1.366 -3 1L.370 -2 1.375 -3 1.379 - 4 1368
780 1.363 -2 1.368 -3 1.372 -3 1.375 -3 1404
800 1.361 -10 1.365 -1 1.369 -1 1.372 -13 1440
900 1.351 -9 1.354 -10 1.356 - 10 1.359 - 12 1620
1000 1.342 -8 1.344 -8 1.346 -9 1.347 -9 1800
1100 1.334 -6 1.336 -7 1.337 -7 1.338 -7 1980
1200 1,328 -6 1.329 -6 1.330 - 6 1,331 -7 2160
1300 1.322 -5 1.323 -5 1.324 -5 1.324 -5 2340
1400 1.317 -3 1.318 -4 1.319 -5 1.319 -4 2520
1500 1.314 -4 1.314 -4 1.314 -3 1.315 - 4 2700
1600 1.310 -3 1.310 -3 1.311 -3 1.311 -3 2880
1700 1.307 -2 1.307 -2 1.308 -3 1.308 -3 3060
1800 1.305 -2 1.305 -2 1.305 -2 1.305 -2 3240
1900 1.303 -2 1.303 -2 1.303 -2 1.303 -2 3420
2000 1.301 -2 1.301 -2 1.301 -2 1.301 -2 3600
2100 1.299 -2 1.299 -2 1.299 -2 1.299 -2 3780
2200 1.297 -1 1.297 -1 1.297 -1 1.297 -1 3960
2300 1.296 -1 1.296 -1 1.296 - 1" 1.296 -1 4140
2400 1.295 ~1 1.295 -1 1.295 -2 1.295 -2 4320
2500 1.294 -1 1.294 -1 1.293 -1 1.293 -1 4500
2600 1.293 -1 1.293 -1 1.292 1.292 ~ 1 4680
2700 1.292 -1 1,292 -1 1.292 -1 1.291 -1 4860
2800 1.291 -1 1.291 -1 1.291 -1 1.290 5040
2900 1.290 -1 1.290 -1 1.290 -1 1.290 -1 5220
3000 1.289 1.289 1.289 1.289 5400
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TAELE 9.- SOUID VELOCITY a/ao TN KOLECULAR HITROGER

NACA TN 3271

°g 0.01 atm 0.1 atm 1 ata °r
100 .605 2 .604 30 .598 32 180
110 .634 2 634 28 .630 2 198
120 663 r 662 27 .659 F1 216
130 .690 26 .689 2% 686 n 234
140 716 F-1 715 2% J13 26 252
150 .741 2 741 24 739 2 270
160 765 24 .765 FL 763 24 288
170 .789 3 .789 f-] .787 2 306
180 812 -] .811 F .811 -] 324
190 .834 pal .834 a .833 n 342
200 .855 -] .855 pal .855 fat 360
210 877 0 876 a 876 a 378
220 .897 20 .897 20 .897 20 396
230 917 20 917 20 917 20 414
240 937 19 937 19 .937 19 432
250 956 19 .956 19 .956 19 450
260 975 19 975 9 975 19 468
270 994 18 .994 18 .994 19 486
280 1.012 18 1.012 18 1.013 v 504
290 1.030 18 1.030 18 1.030 18 522
300 1.048 3 1.048 M 1.048 34 540
320 1.082 3 1.082 3 1.082 33 576
340 1.115 2 1.115 2 1,115 3 6812
360 1.147 n 1.147 -] 1.148 n 648
380 1.178 30 1.179 30 1.179 30 684
400 1.208 30 1.209 29 1.209 30 720
420 1.238 2 1.238 o) 1.239 28 756
440 1.267 -} 1.267 -] 1.267 29 792
460 1.295 z 1.295 e 1.296 26 828
480 1,322 26 1.322 26 1,322 27 864
500 1.348 2% 1.348 26 1.349 2 900
520 1.374 ) 1,374 25 1.375 5 936
540 1.399 - 1.400 24 1.400 % 972
560 1.424 2% 1.424 24 1.425 % 1008
580 1.448 24 1.448 2 1.449 24 1044
600 1,472 Fal 1,472 3 1.473 F) 1080
620 1.495 2 1.495 Fal 1.496 f-] 1116
640 1.518 2 1.518 2 1.518 2 1152
660 1.540 2 1.540 2 1.540 2 1188
680 1.562 2 1.562 2 1.562 2 1224
700 1.584 20 1,584 20 1.584 a 12690
720 1.604 a 1.604 a 1.605 a 1296
740 1.625 a 1.625 a 1.626 a 1332
760 1.646 20 1.646 2 1.647 20 1368
780 1666 20 1.666 20 1.667 20 1404
800 1.686 9% 1.686 9% 1.687 9 1440
900 1.782 90 1.782 90 1.783 90 1620
1000 1.872 85 1.872 8 1.873 86 1800
1100 1,958 ] 1.958 :-3 1.959 [:-] 1980
1200 2,040 i) 2.040 ™~ 2,041 ™ 2160
1300 2.119 76 2.119 76 2.120 76 2340
1400 2.195 74 2.195 74 2.196 » 2520
1500 2,269 k] 2,269 k7] 2,269 b3 2700
1600 2,341 5] 2,341 & 2.341 5] 2880
1700 2,410 ] 2.410 ] 2.410 () 3060
1800 2,478 & 2.478 & 2.478 & 3240
1900 2.584 (2] 2.544 [ 2.543 & 3420
2000 2,608 [~ 2,608 & 2.608 (5] 3600
2100 2.670 (53 2.670 61 2.671 &0 3780
2200 2,731 60 2,731 &0 2.731 (5] 3960
2300 2.791 5 2.791 3] 2.792 5 4140
2400 2.850 8 2,850 58 2.85k 571 4320
2500 2.908 56 2.908 56 2,908 57 4500
2600 2.964 55 2,964 5 2.965 55 4680
2700 3.019 55 3.019 5 3.020 54 4860
2800 3.074 = 3.074 53 3.074 53 5040
2900 3.127 2 3.127 52 3.127 3 5020
3000 3.179 3.179 3.180 5400
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NACA TN %271
PABLE 9.~ SOURD VELOCIFY u./ao I MOLECULAR NITROGEN - Continued

°g 1 atm % atm 7 atm 10 dtm °R
100 .598 32 180
110 .630 29 198
120 .659 27 .646 31 216
130 .686 27 677 2 .667 22 234
140 .713 2 .706 27 .699 26 252
150 139 4 7133 26 125 30 722 28 270
160 .763 2 759 25 .755 2% .750 z 288
170 .787 2 .784 2% .781 -] 77 2 306
180 .811 22 .808 F) .806 B .803 2 324
190 .833 22 .831 2 .829 2 827 ‘24 342
200 .855 a .854 Fal .852 p2) .851 2 360
210 876 a .B75 a .875 Fal .874 2 378
220 .897 20 .896 2 .896 a .896 2 396
230 917 20 917 20 917 2 917 2 414
240 937 19 .937 20 938 20 .938 20 432
250 .956 19 957 19 .958 19 958 20 450
260 975 19 976 19 977 19 .978 19 468
270 994 19 .995 19 .996 19 997 19 486
280 1.013 17 1.014 18 1.015 18 1.016 19 504
290 1.030 18 1,032 18 1.033 18 1.035 17 522
300 1.048 M 1.050 7] 1.051 35 1.052 35 540
320 1.082 3 1.084 n 1.086 ] 1.087 L34 576
330 1.115 b1 1.117 » 1.119 33 1.121 33 612
360 1.148 3 1.150 n 1.152 31 1.154 3 648
380 1.179 30 1.181 n 1.183 31 1,185 1 684
400 1.209 30 1.212 29 1,214 23 1.216 30 720
420 1.239 28 1.241 29 1,243 3 1,246 28 756
440 1,267 2 1.270 a 1.272 28 1.274 28 792
460 1.296 26 1.297 28 1.300 28 1.302 28 828
480 1.322 7 1.325 2% 1.328 26 1.330 26 864
500 1.349 26 1,351 26 1.354 26 1.356 26 900
520 1,375 < 1.377 26 1.380 i 1.382 2% 936
540 1.400 p-] 1.403 24 1.405 F-] 1.408 24 972
560 1.425 24 1.427 24 1,430 24 1.432 24 1008
580 1.449 24 1.451 24 1,454 24 1.456 24 1044
600 1.473 2 1,475 2% 1.478 ) 1.480 2 1080
620 1.496 2 1.499 2 1.501 .22 1.503 2. 1116
640 1.518 -] 1.521 2 1.523 3 1.526 2 1152
660 1.540 » 1.543 2 1.546 2 1.548 2 1188
680 1,562 2 1.565 2 1.567 22 1.570 2 1224
700 1.584 a 1.586 2 1.589 2 1.592 20 1260
720 1.605 2 1.608 2 1.610 a 1.612 a 1296
740 1,626 a 1.629 20 1.631 20 1.633 a 1332
760 1.647 20 1.649 20 1.651 fal 1.654 20 1368
780 1.667 20 1.669 20 1.672 20 1.674 20 1404
800 1.687, 96 1.689 96 1.692 [ 1.694 95 1440
900 1,783 90 1.785 90 1.787 - 90 1.789 91 1620
1000 1.873 85 1.875 85 1.877 85 1.880 ;-1 1800
1100 1.959 -] 1.961 ;-] 1.963 i) 1.965 [:-3 1980
1200 2,041 ™ 2,043 ” 2,046 ™ 2.047 ™ 2160
1300 2.120 76 2,122 7% 2,124 75 2,126 b 2340
1400 2,196 s 2.198 B 2.199 7 2.201 ™ 2520
1500 2,269 7 2,271 ” 2,274 n 2.276 70 2700
1600 2.341 ] 2,343 & 2.345 '@ 2,346 69 2880
1700 2.410 & 2.412 &8 2.414 - 68 2.415 ] 3060
1800 2,478 [ 2.480 [ 2.482 & 2,483 &5 3240
1900 2,543 65 2.546 & 2.547 o4 . 2.549 [ 3420
2000 2,608 (3] 2,610 & 2,611 - 2.613 62- 3600
2100 2,671 &0 2,672 (5} 2,674 0 2.675 61 3780
2200 2,731 [53 2.733 &0 2.734 a 2.736 2] 3960
2300 2.792 59 2.793 5 2,795 58 2.796 9 4140
2400 2.851 57 2.852 . 58 2,853 58 2.855 57 4320
2500 2,908 57 2.910 56 2.911 56 2.912 57 4500
2600 2.965 55 2.966 55 2.967 56 2.969 55 4680
2700 3.020 54 3.021 54 3.023 1] 3.024 54 4860
2800 3.074 53 3.075 54 3.077 3 3.078 53 5040
2900 3,127 53 3.129 53 3.130 52 3.131 5 5220
3000 3.180 3.182 3.182 3.183 5400

>
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TABLE .- SOUND VELOCITY afag IH MOLECULAR HITROGEN - Concluded

°c 10 atm %0 atm T0 atm 100 atm °r
150 722 2 270
160 750 2] 288
170 J17 2% 306
180 .803 24 .787 3 324
190 .827 24 .818 5 .843 3 342
200 5 +851 pa .849 a .872 27 .94 2 360
210 874 2 .876 s .899 i3 .96 2 378
220 896 a .901 28 .924 = .98 2 396
230 917 a 925 3 949 Fa 1.00 2 414
240 938 20 .948 2 972 pa) 1.02 1 432
250 958 20 970 2 995 21 1.03 2 450
260 978 19 992 2 1.016 2 1.05 2 468
270 997 19 1.013 20 1.038 2 1.07 2 486
280 1.016 19 1.033 20 1.058 20 1.092 18 504
290 1.035 b 1.053 19 1.078 19 1.110 19 522
300 1.052 35 1.072 36 1.097 38 1.129 37 540
320 1,087 34 1.108 35 1.135 35 1.166 34 576
340 1.121 3 1.143 34 1,170 M 1.200 34 612
360 1.154 n 1.177 32 1.204 2 1.234 » 648
380 1.185 n 1.209 3N 1.236 n 1.266 2 684
400 1.216 30 1.240 30 1.267 n 1.298 2 720
420 1.246 2 1.270 29 1,298 29 1.327 29 756
440 1.274 8 . 1.299 2 1.327 28 1.356 28 792
460 1.302 28 1.328 21 1,355 27 1.384 4l 828
480 1.330 26 1.355 k4 1.382 7 1.411 26 864
500 1.356 26 1.382 26 1.409 26 1.437 F=] 900
520 1.382 26 1.408 25 1.435 2 1.462 p-1 936
540 1.408 24 1.433 - 1.460 24 1.487 -] 972
560 1.432 24 1.458 24 1.484 24 1,512 ) 1008
580 1.456 24 1.482 ) 1.508 p) 1.535 p) 1044
600 1.480 3 1.505 F2] 1,531 z 1,558 Fa) 1080
620 1.503 2 1.529 2 1.554 3 1,581 2 1116
640 1.526 2 1.551 2 1.577 2 1.603 2 1152
660 1.548 2 1.573 2 1.599 2 1.625 21 1188
680 1.570 2 1.595 2 1.620 a 1.646 Fal 1224
700 1.592 20 1.616 21 1.641 fal 1.667 20 1260
720 1.612 2 1.637 2 1.662 pal 1.687 20 1296
740 1.633 a 1.658 20 1.683 20 1,707 20 1332
760 1.654 20 1.678 20 1.703 19 1.727 19 1368
780 1.674 20 1.698 19 1.722 19 1.746 19 1404
800 1.694 95 1.717 ] 1.741 94 1,765 93 1440
900 1.789 ) 1.812 ] 1,835 & 1.858 [/} 1620
1000 1.880 & 1.901 ;] 1.924 -] 1.945 84 1800
1100 1.965 [:-] 1.986 ® 2.007 a 2,029 80 1980
1200 2,047 » 2,068 ki 2,088 b7 2,109 76 2160
1300 2,126 k] 2.145 % 2,165 i 2.185 b 2340
1400 2.201 k-] 2,221 k] 2,240 3 2.258 D 2520
1500 2.276 70 2,293 n 2,312 r 2.331 ] 2700
1600 2.346 5] 2.364 68 2.382 & 2,400 & 2880
1700 2,415 ] 2,432 2] 2,451 & 2,468 & 3060
1800 2.483 & 2.500 &S 2,516 -3 2.533 (2] 3240
1900 2.549 A 2,565 o4 2,581 & 2.598 62 3420
2000 2,613 -] 2,629 -] 2.645 61 2.660 & 3600
2100 2.675 a 2,691 &0 2.706 80 2,722 5 3780
2200 2.736 (] 2,751 (2] 2,766 59 2,781 % 3960
2300 2,796 L] 2,811 53 2,825 5 2.840 58 4140
2400 2.855 57 2,869 58 2,884 55 2,898 56 4320
2500 2.912 51 2,927 56 2.939 56 2.954 5 4500
2600 2.969 55 2.983 55 2,995 56 3.009 5 4680
2700 3,024 54 3.038 53 3.051 54 3.064 53 4860
2800 3.078 L] 3.091 53 3.105 2 3.117 53 5040
2900 3.131 2 3.144 5 3,157 52 3.170 2 5220
3000 3,183 3.196 3.209 3,222 5400
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TABLE 10.~ COEFFICIENT OF VISCOSITY nfn, OF MOLECULAR RITROGEN

g 1 atm 10 atm 20 atm 30 atm SR
100 .413 194 180
150 .607 172 270
200 779 155 360
250 934 140 450
300 1.074 129 1.079 129 1.086 128 1.093 128 540
350 1.203 120 1.208 11 1.214 120 1.221 119 630
400 1.323 114 1.329 114 1.334 114 - 1.340 1m 720
450 1.437 109 1.443 109 1.448 109 1.453 108 810
500 1.546 105 1.552 105 1.557 165 1.561 104 900
550 1.651 10 1.657 100 1.662 100 1.665 100 990
600 1.752 R 1,757 92 1.762 91 1,765 N 1080
650 1.844 88 1.849 87 1.853 87 1.856 a7 1170
700 1.932 [} 1.936 5 1.940 84 1.943 T 1260
750 2.017 [:] 2,021 81 2,024 81 2.027 a 1350
800 2.099 80 2.102 80 2.105 80 2.108 80 1440
850 2.179 78 2.182 78 2,185 78 2,188 78 1530
900 2.257 76 2.260 b 2.263 s 2,266 k] 1620
950 2.333 b 2.335 b 2.338 FE] 2,341 k] 1710
1000 2.406 7 2.408 2 2.411 Y73 2.414 n 1800
1050 2.477 2] 2.480 ] 2.483 2] 2.485 ] 1890
1100 2.546 &8 2.549 67 2.552 67 2.554 67 1980
1150 2,614 & 2.616 &% 2.619 & 2.621 & 2070
1200 2.679 & 2.682 5] 2,684 @ 2.686 a 2160
1250 2.742 & 2,745 &2 2.747 62 2.749 @ 2250
1300 2.805 61 2,807 61 2.809 &© 2.811 &0 2340
1350 2.866 5 2.868 59 2.869 60 2,871 60 2430
1400 2.925 58 2,927 58 2.929 58 2,931 58 2520
1450 2.983 57 2,985 57 2.987 57 2.989 57 2610
1500 3.040 3.042 3.044 3.046 2700
g 40 atm 60 atm 80 atm 100 atm Or
300 1,104 125 1.127 121 1.154 15 1.187 107 540
350 1.229 us 1.248 114 1.269 m 1.294 105 630
400 1.347 m 1.362 110 1.380 . 107 1.399 104 720
450 1.459 107 1.472 106 1.487 104 1.503 102 810
500 1.566 104 1.578 102 1.591 101 1.605 9 900
550 1.670 © 9 1.680 98 1.692 97 1.704 9% 990
600 1,769 91 1.778 90 1.789 90 1.800 ) 1080
650 1.860 87 1.868 87 1.879 86 1.889 & 1170
700 1.947 84 1.955 84 1.965 [:] 1.974 -] 1260
750 2.031 [ 2.039 80 2.048 ™ 2.056 k) 1350
800 2.112 k) 2.119 78 2.127 78 2.135 ] 1440
850 2.191 78 2.197 kid 2,205 76 2.213 76 1530
900 2.269 s 2.274 b1 2.281 74 2.289 74 1620
950 2.344 7 2.349 n 2,355 74 2.363 B 1710
1000 2.417 7 2.422 7 2,429 n 2.436 n 1800
1050 2.488 ] 2.494 ] 2.500 2] 2.507 [+ 1890
1100 2,557 6 2.563 [ 2.569 &% 2.575 & .1980
1150 2.623 &5 2.629 oA 2.635 o4 2.640 [} 2070
1200 2.688 (5] 2.693 (5] 2,699 [ 2.704 [~} 2160
1250 2,751 [~ 2.756 62 2,762 [41] 2.766 [} 2250
1300 2.813 60 2.818 &0 2.822 L] 2.829 & 2340
1350 2.873 6 2.878 & 2.882 59 2.889 58 2430
1400 2.933 58 2.938 58 2,941 58 2.947 57 2520
1450 2.991 57 2.996 56 2.999 57 3.004 s7 2610
1500 3.048 3.052 3.056 3.061 2700

>
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TARLE 11.- THERMAL
%k k/ko SR

100 .390 37 180
110 427 38 198
120 465 37 216
130 .502 36 234
140 .538 38 252
150 .576 36 270
160 .612 36 288
170 .648 36 306
180 .684 35 324
190 .719 34 342
200 753 36 360
210 .789 34 378
220 .823 34 396
230 .857 35 414
240 .892 2 432
250 .924 b3 450
260 957 3 468
270 .990 31 486
280 1.021 30 504
290 1.051 30 522
300 1.081 30 540
310 1,111 30 558
320 1.141 3 576
330 1.172 30 594
340 1.202 30 612
350 1.232 30 630
360 1.262 30 648
370 1.292 29 666
380 1.321 28 684
390 1.349 28 702
400 1.377 28 720
410 1.405 28 738
420 1.433 27 756
430 1.460 27 774
440 1.487 26 792
450 1.513 27 810
460 1.540 26 828
470 1.566 26 846
480 1.592 27 864
490 1.619 26 882

NACA TN 3271

k/ko OF MOLECULAR NITROGEN

g k/ko SR
500 1.645 26 900
510 . 1.671 26 918
520 1.697 25 936
530 1.722 25 954
540 1.747 24 972
550 1.771 24 990
560 1.795 24 1008
570 1.819 24 1026
580 1.843 24 1044
590 1.867 2 1062
600 1.890 23 1080
610 1.913 23 1098
620 1.936 2 1116
630 1.959 . 1134
640 1.982 F] 1152
650 2.005 22 1170
660 . 2.027 pal 1188
670 2,048 22 1206
680 2,070 2 1224
690 2.092 2 1242
700 2.114 2 1260
710 2.136 2 1278
720 2.157 21 1296
730 2,178 21 1314
740 2.199 21 1332
750 2.220 20 1350
760 2.240 19 1368
770 2.259 20 1386
780 2.279 20 1404
790 2.299 19 1422
800 2,318 186 1440
900 2.504 169 1620

1000 2.673 155 1800
1100 2.828 140 1980
1200 2.968 2160
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TABLE 12.- PRANDTL NUMEER Nprnncp/k OF MOIECULAR NITROGEN
AT ATMOSPHERIC PRESSURE
. 2/3 1/3 1/2

°K Fpr (Ber) (Fer) (Fer) R
100 .786 -8 .851 -5 .922 -2 .887 -5 180
120 .778 -8 846 -6 920 -3 .882 -4 216
140 770 -8 .840 -6 917 -4 .878 -5 252
160 762 -8 .834 -6 .913 -3 .873 -5 288
180 754 -7 .828 -5 .910 -3 .868 -3 324
200 747 -7 .823 -5 ,  .907 -2 .865 -5 360
220 .740 -7 .818 -5 .905 -3 .860 -1 396
240 .733 -8 .813 -6 902 -4 .856 -5 432
260 .725 -6 .807 -4 .898 -2 .851 -3 468
280 719 -6 .803 -5 .896 -3 .848 -4 504
300 .713 -6 798 -4 .893 -2 .844 -3 540
320 707 -4 794 -3 .891 -2 .841 -3. 576
340 .703 -3 .791 -4 .889 -2 .838 -2 612
360 .699 -4 .787 -3 .887 -1 .836 -2 648
380 .695 -4 © 784 -2 .886 -2 .834 -3 684
400 691 -2 .782 -2 .884 -1 .831 -1 720
420 .689 -1 .780 .883 .830 756
440 .688 -1 .780 -1 .883 .830 -1 792
460 .687 -2 779 -2 .883 -1 .829 -1 828
480 .685 -1 77 -1 .882 -1 .828 -1 864
500 .684 -1 .76 -1 .881 .827 -1 900
520 .683 775 .881 .826 936
540 .683 1 775 1 .881 .826 1 972
560 .684 1 776 1 .881 1 .827 1 1008
580 .685 1 777 1 .882 .828 1044
600 .686 2 778 1 .882 1 .828 1 1080
650 .688 3 779 3 .883 1 .829 2 1170
700 691 3 .782 s .884 2 .831 3 1260
750 .695 5 .785 3 .886 2 .834 3 1350
800 .700 1 .788 9 .888 4 .837 6 1440
900 711 1B 797 9 .892 6 .843 8 1620
1000 724 © .806 9 .898 5 .851 7 1800
1100 736 .815 9 .903 5 .858 7 1980
1200 .748 .824 .908 .865 2160
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TABIE 13.- VAPOR PRESSURE OF RITROGEN

[velues in parentheses are extrapolated
velues to facilitate imterpolatian]

(e) For interpolation

logig P
ko, T, °K (@) - T, °R 72/T,
og-1 og-1
mm Hg atm psia A

0.64 62.50 (1..9206) (9.0398) (0.2070) T90 112.50 0.64
.63 63.49 1.9996 9.1188 .2860 788 11%.29 .63
.62 6k.52 2.078% 9.1976 .3648 786 116.13 .62
.61 65.57 2.1570 9.2762 RIS T84 118.03 .61
.60 66.67 2.2354 9.3546 .5218 783 120.00 60
.59 67.80 2.3137 9.4329 .600L 82 122.03 59
.58 68.97 2.3919 9.5111 6783 8 124.14 .
.57 70.18 2.54700 9.5892 .76k 780 126,32 57
.56 U3 2.5480 9.66T2 834 T8 128.57
55 T2.75 2.6258 9.7450 9122 T 130.91 .55
.54 T4.07 2.7033 9.8225 .9897 T70 133.%3 .5k
53 T5.47 2.7603 9.8995 1.0667 6% 135.85 53
.52 T6.92 2.8567 9.9759 1.243 T60 46 .52
.51 T8.43 2.9327 .0519 1.2191 756 1%1.18 .51
.50 80.00 3.0083 1275 1.2947 53 14,00 .50
A9 81.63 3.0836 .2028 1.3700 750 146.94
A48 83.33 3.1586 .2778 1.4450 T 150.00 48
A7 85.11 3.2343 .3535 1.5207 767 153.19 A7
A6 86.96 3.3110 2302 1.597% T12 156.52 A6
A5 88.89 3.3882 5074 1.67h6 766 160.00 45
RIVY 90.91 3.4648 .5840 1.7512 ™7 163.64
A3 93.02 3.5405 6597 1.8269 5 16744 A3
RT-] 95.2% 3.6160 . 7352 1.902% 56 17143 .
Jda 97.56 3.6916 . 1.9780 175.61 Ja
ho 100.00 3.7672 .8364 2.0536 7 180.00 RT]
.39 102.56 3.8429 .9621 2,1293 7 184.62 .39
.38 105.26 3.9186 1.0378 2.2050 189.47 .
37 108.11 3.9944 1.1136 2.2808 759 19L.59 37
.36 .11 L.0703 1.1895 2.3567 200.00 .36

100/T 180/T

0.90 111.11 L.0703 1.1895 2.3567 304 200,00 0.90
.89 112.36 %1007 1.2199 2.387L 305 202.25 .89
.88 113.6% 4,172 1.250% 2..176 306 204.55 .88
.87 k.94 L.1618 1.2810 2.4482 307 206.90 .87
.86 116.28 k1925 1.3117 2.4789 309 209.30 .86
.85 117.65 Y. o34 1.3426 2.5098 1 21.76 .85
. 119.05 4. 2545 1.3737 2.5409 21k 21%4.29 .84
.83 120.48 %2859 1. 2.572% 36 216.87 .83
82 121.95 L.375 14367 2.6039 320 219.51 .82
8 123.46 4.3495 1.4687 2.6359 325 200,20 8L
.80 125.00 }.3820 1.5012 2.6684 gﬁ 225.00 .80
-T9 126.58 Eh.hlslg 21.5315) 22-7015) 227.85 .79
.8 128.21 L 495 1. ) 2.7359) 230.77 .78

B8Yaluss have been increaeed by 10 wherever necessary to svold negative mantissas.



9

T, °R

oV Dt

EEREE

oV ND
T e e s

EERE

psia

RoTL

AERRR

6700.

¢4

434y
I&RR

mn Hg

T, %%
63.156
T1.395
126.135
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TABIE 13.- VAPOR PRESSURE OF NITROGEN - Concluded
e & o o o s 4 .
P

Remarks

Boiling poimt
Critical point . .
Bolid nitrogen . . .
Liquid nitrogen

NACA TN 3271

359.093
646,367
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Units of T
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(c) Constants for logjn P (solid) = A - B/f
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TABIE 14.- COEFFICIENTS FOR EQUATION Z = 1 + BlP + ClP2 + Dle'

5 atm~t atm=2 D,, atm™>
T, %K ! v v T, °R
(=) (a) (2)

100 -0.(1)17951 -0.(3)3487 -0.(3)2166% 180
110 -.(1)13778 -.(3)1964 -.(4)37186 198
120 -.(1)10780 -.(3)1145 -.(5)79827 216
130 -.(2)8562 -.(4)6822 -.(5)19016 o3l
140 -.(2)6883 - ()25 ~-.(6)h0THs 252
150 -.(2)5586 -.(4)2490 -.(7)10394 270
160 -.(2)567 -.(4)1k79 7)88448 288
170 -.(2)3755 -.(5)8412 6)10092 306
180 -.(2)3100 -.(5)4355 7)8925 32k
190 -.(2)2565 -.(5)1748 T)727% 342
200 -.(2)2125 -.(7)801L T)5727 360
210 -.(2)1759 .(6)98k T)hl34 378
220 -.(2)1453 .(5)164 7)3k02 396
250 -.(2)1195 .(5)204 T7)259% L
2ko - -.(3)o1T .(5)225 7)1968 432
250 -.(3)790 .(5)235 T)1484 k50
260 -.(3)631 .(5)236 7)1111 468
270 -.(3)493 .(5)233 8)823 486
280 -.(3)375 (5)e26 8)602 504
290 -.(3)a72 .(5)215 8)430 522
300 -.(3)183 .(5)208 .(8)298 540
310 ~.(3)105 .(5)197 .(8)197 558
320 - (4)37h .(5)187 .(8)118 576
330 ()220 .(5)176 .(9)58 59%
340 L(B)The .(5)166 .(9)12 612
350 .(3)120 .{5)156 -.(9)21 630
360 -(3)160 -(5)1k7 - (97 648
370 .(3)196 .(5)138 -.(9)67 666
380 .(3)227 .(5)130 -.(9)81 68l
390 - .(3)255 .(5)122 -.(9)o1 T02
400 3)279 .(5)11% -.{9)97 720
o 3)301L .(5)107 -.(8)101 738
k2o 3)320 .(5)101 - -.(8)104 756
430 3)336 .(6)o48 -.(8)104 T4
4o 3)351 -(6)89L -.(8)10h 792

8Nurber in parentheses indicates mmber of

right of decimal po:erb

zeros immediately to
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TABLE 14.- COEFFICIENTS FOR EQUATION Z = 1 + ByP + C;P? + D;P° - Continued

, atm™L C, atm=2 , atm=>
7, %K 2 . 2 7, °R
(8) (a) (2)
450 0.(3)364 0.(6)838 -0.(8)103 810
460 (3)375 .(6)789 -.(8)101 828
k70 .(3)385 (6)743 -.(9)98 8u6
480 «(3)394 .{6)700 -.(9)95 864
490 .(3)401 .(6)661 -.(9)92 882
500 .(3)408 .(6)623 --59)89 900
510 <(3)k .(6)589 -.{(9)86 918
520 .(3)418 .(6)556 -.(9)82 9%6
530 «(3)h22 .(6)525 -.(9)79 95k
540 -(3)k426 .(6)497 -.(9)76 972
550 .(3)k29 (6)47L -.(9)3 990
560 (3)431 . (6)4h5 -.(9)69 1,008
570 .(3)433 .(6)h22 -.(9)66 1,026
580 (3)434 .(6)k400 -.(9)63 1,04k
590 .(3)435 .(6)379 -.(9)61L 1,062
600 -(3)435 .{6)360 -.(9)58 1,080
610 -(3)436 .(6)342 -.(9)55 1,098
620 (3)436 .(6)32}4 -.(9)53 1,116
630 -(3)435 .(6)308 ~.(9)50 1,134
640 .(3)435 .(6)293 -.(9)48 1,152
650 <(3)434 .{6)219 -.(9)46 1,170
660 (3)433 .(6)265 -.(9)4h 1,188
670 .(3)432 .(6)253 -.(9)k2 1,206
680 (3431 .(6)21 -.(9)40 1,224
690 .(3)k29 .(6)229 -.(9)38 1,242
700 .(3)428 .(6)219 -.(9)36 1,260
710 (3)426 .(6)208 -.(9)34 1,278
720 (3)h24 .(6)199 -.(9)33 1,296
730 .(3)423 .(6)190 ~.(9)31 1,31k
T (3)k21 .(6)181 -.(9)30 1,332
750 -(3)k19 (6)1Th -.(9)29 1,350
760 L(3)7 .(6)166 -.(9)27 1,368
770 L(3)41h .(6)158 -.{9)26 1,386
780 (3)42 (6)151 -.(9)25 1;khok
790 (3)410 .(6)145 -.(9)2k 1,422

8Number in parentheses indicates mumber of zeros immediately to
right of decimal polnt.




82

NACA TN 3271

TABLE 1k4.- COEFFICIENTS FOR EQUATION Z =1+ BP+ CIP2-+IHFS - Concluded

atm—1 atm=2 atm=>
T, %K 1 ‘. P T, °R
(2) (a) (a)

800 0.(3)k08 0.(6)139 -0.(9)23 1,40

850 -(3)396 -(6)112 -.(9)18 1,530

900 -(3)384 -(7)9L -.(9)15 1,620

950 -(3)372 A7) -.(9)12 1,710
1,000 .(3)360 (7)61 - -.(9)10 1,800
1,050 -(3)z48 .(7)51 1,8%0
1,100 (3)337 (72 1,980
1,150 .(3)326 {7)35 2,070
1,200 .(3)316 ADar 2,160
1,250 .(3)306 -(7)25 2,250
1,300 -(3)297 .(T)20 2,340
1,350 -(3)288 AT 2,430
1,400 .(3)2719 A7) 2,520
1,50 (3)271 (712 2,610
1,500 -(3)263 -(7)10 2,700
1,550 .(3)256 .(8)8 2,790
1,600 (3)249 .(8)9 2,880
1,650 (3)242 .(8)5 2,970
1,700 -(3)235 -(8)5 3,060
1,750 .(3)229 .(8)% 3,150
1,800 -(3)223 3,2k0
1,850 .{3)=218 3,330
1,900 A3)212 3,420
1,950 -(3)207 3,510
2,000 {(3)202 3,600
2,050 (3)197 3,690
2,100 .(3)193 3,780
2,150 .(3)188 3,870
2,200 .(3)184 3,960
2,250 .(3)180 k,050
2,500 .(3)162 4,500
2,750 .(3)1h7 4,950
3,000 -(3)135 5,400

fumber in paremtheses indicates mmber of zeros Immedintely to
right of decimal point.
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TABLE 15.- DERIVATIVE FUNCTIONS OF COEFFICIENTS By, C;, AND D;
o . % -2 o . 3
T, °K T g oW T om I o T, °R
(2) (2) (2)
100 0.(1)49505 0.(2)2099 0.(2)4138 180
110 .(1)38528 .(2)1202 .(3)6676 198
120 . (1.)3069% .(3)7230 . (3)1402 216
130 (1)2491h .(3)4509 .(4)3587 23l
1h0 .(1)20541 .(3)2898 .(4)1000 252
150 .(1)17158 .(3)1902 .(5)2834 270
160 .(1)14490 .(3)1270 .(6)6199 288
170 (1)12353 .(4)856 -.(7)8163 306
180 .(1)10617 .(4)58L -.(6)2829 324
190 .(2)9190 .(4)39L -.(6)3132 342
200 . (2)8o0k .(4)265 -.(6)2855 360
210 .(2)7009 .()175 -.(6)2429 378
220 (2)6167 ()12 -.(6)2008 396
230 .(2)5450 (5)67 -.(6)1633 ik
2o .(2)4835 .(5)35 -.(6)1318 430
250 .(2)4303 .(5)13 - 6)1059 50
260 .(2)3841 -.(5)03 -.(7)8493 468
270 .(2)3438 -.(5)1% -.(7)6801 486
280 .(2)308% -.(5)22 - 7)5441 504
290 .(2)2172 -.(5)27 -.(7)4348 522
300 .(2)2496 -.(5)31 -.(7)3468 540
310 .(2)2250 -.(5)33 ~.(7)a760 558
320 .(2)2032 -.(5)3% -.(7)2189 576
330 .(2)1837 -.(5)34 -.(7)1728 594
340 .(2)1661 -.(5)34 -.(7)1355 612
350 «(2)1504 ~.(5)34 -.(T7)1052 630
360 (2)1362 -.(5)33 -.(8)808 648
370 .(2)1234 -.(5)32 -.(8)609 666
380 J2)11 -.(5)31L ~-.(8)448 684
390 .(2)1011 -.(5)30 -.(8)318 702
400 .23)915 -.(5)29 -.(8)212 720
k10 .(3)827 -.(5)27 -.(8)127 738
420 L(3)ThT -.(5)26 -.(9)58 756
430 .(3)67k -.(5)25 -.(9)03 T4
hho .(3)606 ~-.(5)2h (9)11 792

8umber in parentheses indicates mumiber of zeros
right of decimal polnt.

immedistely to
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NACA TN 3271

C;, AND D; - Continued

s N 8 w2 e N
T,OK Tdm,atm TdT,a:tm TdT,a.tm '1‘,°R
(2) (2) (2)
450 0.(3)54k -0.(5)23 0.(9)76 810
k60 .(3)488 -.(5)22 .(8)104 828
(o) .(3)436 -.(5)e1 - .(8)125 846
480 .(3)388 -.25)20 .(8)1k2 864
490 (3)343 -.(5)19 .(8)15k4 882
500 .(3)302 -.(5)18 .(8)163 900
510 .(3)264 -.(5)17 .(8)169 918
520 .(3)229 -.(5)16 .(8)173 936
530 .(3)196 -.(5)16 .(8)176 954
540 .(3)166 -.(5)15 .(8)176 972
550 .(3)138 -.(5)1k .(8)176 990
560 (3)112 ~.(5)1k .(8)17hk 1,008
570 .(4)88 -.(5)13 A(8)172 1,026
580 (4)65 -.(5)12 .(8)169 1,04k
530 ()4 -.(5)12 .(8)165 1,062
600 (4)25 ~.(5)11 .(8)162 1,080
610 .(4)o6 ~-.(5)11 .(8)158 1,098
620 ~-.(4)11 -.(5)10 .(8)153 1,116
630 ~.(B)o7 -.(5)10 .(8)149 1,134
640 ~o(b)h1 -.(6)9 .(8)145 1,152
650 ~-.(1)55 -.(6)9 .(8)1ko 1,170
660 -.(4)68 -.(6)9 .(8)136 1,188
670 -.(4)80 -.(6)8 .(8)131L 1,206
680 -.(4)92 -.(6)8 .(8)127 1,224
690 -.(3)103 -.(6)8 .(8)123 1,242
700 -.(3)112 -.(6)7 .(8)118 1,260
710 -.(3)122 -.(6)7 .(8)11k 1,278
720 -.(3)130 -.(6)7 .(8)110 1,296
T30 -.(3)138 -.(6)6 .(8)106 1,314
740 -.(3)146 -.(6)6 .(8)102 1,332
750 -.(3)153 -.(6)6 .(9)99 1,350
T60 -.{3)160 -.(6)6 .(9)95 1,368
T70 -.{3)166 -.(6)5 -(9)92 1,386
780. -.(3)172 -.(6)5 .(9)88 1,404
790 -.(3)77 -.(6)5 -(9)85 1,h22

Sumber in pé.rexrbheses indicates mumber of zeros immediately to right
of decimal point.
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TABLE 15.- DERIVATIVE FUNCTIONS OF COEFFICIENTS By, Gy,

AND Dl - Concluded

dB ac Dy
1 -1 1 -2 1 -3
T, o T T’ atm T T’ atm T T’ atm T, g
(a) (a) (a)

800 -0.(3)182 -0.(6)5 0.(9)82 1,4h0

900 -.(3)218 -.(6)3 . .(9)57 1,620
1,000 -.(3)235 -.(6)2 - «(9)k0 1,800
1,100 -.(3)242 -.(6)2 .(9)28 1,980
1,200 -.(3)243 -.(6)1 .(9)20 2,160
1,300 -.(3)240 -.(6)1 .39)15 2,340
1,k00 -.(3)235 -.(6)1 (9)11 2,520
1,500 -.(3)228 -.(6)1 .(10)8 2,700
1,600 -.(3)222 0 .$10)6 2,880
1,700 -.(3)215 .(10)5 3,060
1,800 -.(3)207 .(10)k 3,240
1,900 -.(3)200 .(10)3 3,420
2,000 -.(3)19% .(10)2 3,600
2,100 -.(3)187 .(10)2 3,780
2,200 -.(3)181 .(10)1 3,960
2,300 -.(3)175 (10 4,10
2,400 -.(3)169 .(10)1 4,320
2,500 ~.(3)16L .(10)1 4,500
2,600 -.(3)158 .(10)1 4,680
2,700 -.(3)153 0 4,860
2,800 -.$5)1h9 A5,oho
2,900 -.(3)1hh 5,220
3,000 -.(3)1k0 5,400

8Number in parentheses indicates number of zeros immediately
to right of decimal point. .
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TABLE 16.- VAIUES OF R FOR NITROGEN
Value of R
For For pressure in -
density
in - atm kg/cm? mm Hg 1b/sq in.
For temperatures in °K
g/cm? 2.92892 3.0262) 2,225.98 43,0436
mole /cm? 82.0567 8l 7832 62,363.1 1,205.91
mole/1iter .0820544 .0847809 62.3613 1.20587
1b/cu £t .0469168 o484 755 35.6567 .089488
1b mole/cu £t | 1.314L2 1.35809 998.955;7 19.3167
For temperatures in °R
g/cm> 1.62718 1.68124 1,2%6.65 23.9130
mole /cm’ 45.5870 | 47.1017 | 34,646.1 669.947
mole/liter 0455857 .0k 7100k 346451 .669928
1b/cu £t 0260648 0269309 19.8092 .383049
1b mole/cu £t . 730231 . 754495 554.976 10.7315
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TABLE 17.- CONVERSION FACTORS FOR TABLES 1, 2, & TO 7, AND 92 TO 11

[Molecula.r weight of nitrogen, 28.016 g mole-l]

(a) For tables 1 and 6

aidaed | T Baring the Sipencions | Witioty
(& - E0°>/RTO B - E° cal mole~l 5k2.821
(= - EO'°>/RTO H - E° cal gt 19.3754
el 81.0669
Btu (1b mole) ™t 976.437
Btu 1b~t 3L.8528
(b) For tebles 1, 5, and T
teideted | 19 g e Sensions | Wdtialy
CPCyR, s°/R | cp°, s° cal mole™ %L (or og-1) 1.98719
Cp/R, S/R Cp, S cal gt %L (or og-1) .0709305
-(F© - Eo°>/RT ~(¥° - E0°>/ T 3 &L % (or oc-1) 29677k
Btu (1b mole)~t -1 <or °F“1> 1.98588
Btu 157 °R"L (or op-1) .0708838

®For table 9 ag = 336.96 m/sec = 1,105.5 £t/sec.
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TABLE 17.- CONVERSION FACTORS FOR TABIES 1, 2, 4 TO 7,

AND 9 TO 11 - Contimued

(c) For table k4

To convery Having the dimensions Multiply
tabulated To indicated below by
value of
o/ Pg b g cm™2 1.25046 x 10~9
mole cm™) k 146338 x 10-2
g liter-l 1.25050
1b in.™ 4.51760 x 10™2
1 ££-2 7.80641 x 1072
(d) For table 10
o omrert | 4o | Heving the aimensions Multiply
value of indicated below by
n/no 1) poise or g sec™t cm~t 1.6625 x 10"4
kg hr~L m~T 5.985 x 10™2
slug hr~t £g-1 1.2500 x 10~2
1b sec—l £t~ 1.1172 x 10~2
1b hrl gg-l 4.0218 x 1072
(e) For table 11
Ezbﬁﬁt To Having the dimensions Multiply
value of indicated below by
K[k k cal cm~l gec-1 Ok-1 5.77 x 102
Btu £5~L nr-t Og-1 1.40 x 102
w ca-1 Og-1 2.41 x 10°%
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TABLE 17.- CONVERSION FACTORS FOR TABLES 1, 2, & To 7,
AND 9 TO 11 - Concluded .
(£) For table 2
To convert
value of indicated below by
(2° - 5°) /RTO B - E,° cal mole™l 542.821
cal gt 38,7508
3 gt 162.134
Btu (1b mole)~t 976.437
Btu 1b~1 69.7057
CPO/R, S°/R cp°, 8° cal molet Ox~1 (or o¢-1) 1.98719
cal g-1 %-1 (or OC‘]—) .141861
_<F° - E0°>/RT -(FO - Eo°>/ i 3 gL o1 (or oc1) .5935488
Btu (1b mole)~t °r~1 (or °F"l> 1.98588
Btu 1oL %81 (or 1) .141768




TABLE 18.~ CONVERSION FACTORS TO FREQUENTLY USED UNITS

[Elhe factors in parts (a) to (J) are reproduced from
ref. 86; those in part (k) are based on ref. 87

(a) Por units of length

Lhﬂihiply bzoamte entry @ m - A
1 om 1 10 107 108
1 mm 107t 1 100 107
1p 107+ 1073 103 10+
1oy 10-7 10-6 1 10
1A 1078 1077 107> 1
Hui‘bipl:,r bio EE&.,I'?.,;‘;“““ extry em n £t yd
1lecm 1 0.01 0.032808333 0.010936111
lm 100 1 3.2808333 1.0936111
1 in. 2.54000%1 0.025400051 0.083333333 0.0277TTT778
1 £% 30. 480061 0.30480061 1 0.33333333
1yd 91.540183 0.51440183 3 1

TL2¢ NI VovM



TABIE 18.- CONVERSION FACTORS TO FREQUENTLY USED UNITS - Comtimied

(b) For wnits of area

tiply by appropriste entry

m?

| »L to obtain — | @ sq 1x. 6q £t aq yd
1 cem? 1 lO‘j* 0.15499969 | 1.0763867 x 1;-3 1.1959853 x 104
1 =2 it i 1,5%5.5969 10.763867 1.195985%
1 sq im. 64516258 | 6.4516258 x 107 1| 6.oumy x 107 | 7716089k x 207
1 8q £t 929.03412 |  0.092903412 Lt 1 0.11111111
1 sq yd 84561.5070 0.83613070 1,296 9 1

T2 NI VOVH

16



ET AT TR

FAGTORS TO FREQUBNTILY UBED UHITS -~ Cootinued

(c) For units of volume

Hu%fiply b{g&gﬁ:ﬁf;ifffofﬁzi ml 11ter gal
1 emd 0.9999720 0.9999720 x 10-3 2.6417047 x 107%
1 cu in, 16.38670 1.638670 x 10~2 4.3290043 x 1072
1 cu £t 28,%16.22 28,21622 7.5805195
1m 1 0.00L 2.641779 x 10~
1 liter 1,000 1 0.2641779
1gal 3,785.329 3. 785329 1
Mu{Eiply bz;agg::gziaﬁe entfy e cu in, cu £t
1 amd 1 0.06102%378 3.5314455 x 1072
1 ou in. 16367162 1 57870370 x 107+
1 cu % 28,317.0L7 1,728 1
1ml 1.000028 0.06102509 3.55154k x 1077
1 liter 1,000.028 61..02509 0.03551544
1 gal 3,785.4345 21 0.13368056

T.2¢ NI VOvN
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TARLE 18,- CONVERSICN FACTORS TO FREQUENTLY USED UNITS - Combimzed

(d) Por unite of mass

dHultiply h{g“g%ﬁa“ entry xg b metric ton ton
lg 10~3 2,204622% x 10~3 1,100%112 % 10-5
1 kg 1 2.2046223 1.1025112 x 1072
11 0. 45359243 1 59203 x 10-% 0.0005
1 metric ton 10? 2,204.6203 1.1023112
1 ton 507.18486 2,000 1
() For wmits of density
bioaﬁﬁ:fi‘ii—am entry g/ml ib/ou in. 13/35.1
1 g/’ 1.000028 0.036127504 8. 3454535
1 g/ml 1 0.03612649 8.345220
1 1b/eu in, 27.68052 1 231
1 Ibfeu £4 0.016018369 | 0.01601882 | 5.7870370 x 10-% 0,13368056
1 1b/anl 0.1198261 | 4.3290043 x 1077 1
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TARLE 18,- CONVERSION FACTORS TO FREQUENTIY USED UNITS - Contimusd

(£) Por units of pressure
ﬂ“ﬁmmﬁ dyme [ bar ot kg(vt. ) fm? me Hg in. Hg Ib(wt.)/eq in.
1 dyne fou? 1 10-6 0.9869233 x 10-6 1;0197162 x 1076 [7.300617 x 1074|2.552993 x 10-5}1.4503830 x 1073
1 bar 166 1 0.9869253 1.0197268 750.0617 29.52993 14.503830
1 atm’ 1,013,250 1.013250 1 1.03532275 T60 29.52120 1L. 695006
1 kg(vb.)/ma 960,665 0.56065% 0.9678411 1 735.5592 28,95897 1h.22%398
1 m Eg 1,353.2257| 13332257 x 1073 |L. 3057895 x 1073 [1.3595098 x 103 1 0.03937 0.019336850
1 in. Hg 33,863.95 0.0338639% 0,03342112 0.034535162 £9.4000% 1 0.kg11570
1 iblwt.)/sq in. 68,9h7.35L 0.068gkT3L 0.06804570 0. 07050669 5L.TALTE 2,036009 1

Tl2¢ ML VDVN



e e e e e kb s e rn = an o

TAMLE 18.- CONVERSICE FACTORS TO FEEQUESTTY UEKD WMITS - Comtimwd

() Tor mite of wergy

£t-1b(rd.)

T;:&H (oomrey epity.) ", J ixt. J cal 1. 2.8 el B it ey i n(::,?}.'l 1w,] Ltor-ekn

1g e 1 8.98526 x 1075/0.96508 x 101 |2 1k70h x 1010] e, 1065k x 1003 [8.207T0 x 100 | 2,496 x 107 | 3,349 x 107 [6.60mh x 2015 |k 50067 x 107-[0.668%0 x 101t
?mra oquly.)

1 abs. J l1.112778 x 10-1% 12 0.55543 0. 25005 0.0%0649  Jo.SkTimL x 10-7 (2,777 x 20-T |5.70308 x 10~T o737 5.1 x 1035.86896 x 1077

1 ied, 112056 x 107 1000088 T 1 0,2350h3 0.3 0. S4TH08 X 102 R 7T7T8 % 2077 |3.w67 x 07T | o,ma7sRe  |maemrs x 1073967058 x 2070

11 kil 1070h k.15 rafa 1 000035 [3.06m73 w 1077 |1.3600m0 v 10751 matetn w 106]  mcgmam  lornmen w 10e®lLawmy v o1oeR

1I.2.%ml k63620 x 10714 | x1BemM ».18503 1, 0005, 1 .96832 x 1073 1160730 x 10°5(1.5295% x 10°6|  3.08r97  [e.14k43 x 2072{N.1mB7 x 2072

1 B 1.17em9 x 107 10,050 1,054 666 2,160 271,996 1 2958 x 107Y |5.99008 x 207~ TI8.1% =, 40505 10015

1 imb. kvbr 3.0066% x 1070 | n,600,90 | 3,600,000 860,563 60,000 3,M2.76 1 13418 1,605,66 | 18,%e.06 ”, 5.1

1t 2.96mr x 108 | ae0hmen | 2,604,008 &, 617 &,197 EX TR 0.Te578 1 1,960,000 13,70 26,433.5

el LSRR WV Lme | LEE SR | o3S%T (1.2 x 10735765 x 30T [5.0%0m x 1577 i 65558 % LML 1 10
S g i, RATRSS x 1072 | ag3.e882 193.2060 16,4850 .63 0.2800m9  |3.hezmy x 1070 (1.e7m75 % 1073 1hk 1 L1.595T97

1 Lter-win 1127568 » 10718 10,574 1m.an sh.o179 %0001 0.0960K1T  |2.61580 x 1077 [3. 77k x 2078 | a7 9.16996 1

&1, ¥,, Intornaiionsl Bicas Tuklos,

Tl2E NI VOVN

c6



TABLE 18,- CONVERSION FACTORS TO FREQUINTLY USED UNITS - Comtinued

(h) For units of molaculsr epargy

l-h.lll"hiply H emaiste i) orgfwleowls | sba. dfmcle | imt. Jfwole | calfaelo  |eba. slactron-v/mlecule|imb. electron-y/acleculs "'“?m‘:f{ﬁ‘"
1 ars/eslocule 1 6.0228% x 10%6(6.0218 x 1016[1.h30u51 x 106 6. 24222 x 201t 6.2%017 x 100 [5.0358L x 1013
1 obe, J/moln 1,660349 x 10717 1 0.9996% 0,239006 1.036h7 x 1073 1.036085 x 1077 8.36121 x 02
1 int, J/wols 1.66062% x 10°17]  1.000165 1 0.279046 1.086%59 x 10°7 1.036257 x 102 8,36255 Kk 10°
1 calfrola 6.9%690 x 10717 | &,16400 k1597 1 433641 x 1077 k33598 x 1073 0.3k5833

1 abs. alsctron-v/molecwls |L.601992 x 10°18|  96,L85.3 96, k69,4 23,060.5 1 0.559670 8,057.34

1 iob, eleotron-v/molsouls |1.608821 x 1018  96,717.1 95,501.2 %3,068,1 1.0003%0 1 8,070.00

1 wavo mater (o) 1.985776 x 10716]  11,59999 1199802 2,853 1239567 x 1074 1.g35158 x 107 1

T.2¢ WL VOVN



TABLE 18.- CONVERSION FACTORS TO FREQUENTLY USED UNITY - Continusd

(1) For units of specific epargy

Multiply hy eppropriste entry . int, . mB
7.F ebs. i/g e oal/g I. ™.% cal/g Btu/1b
1aba. /& 1 0.999835 0.239006 0.238849 0.429929
"1 int. i/a 1.000165 1 0.2%9045 0.238809 0. 430000
1 eal/g k.1840 4.18%3 1 0.999346 1.798823
1I.7.%cal/s L.18674 L.1850% 1.000654 - 1 1.8
1 Btu/1b 2.32597 2.32558 0.555919 0.555556 1
®I. 7., International Steam Tables.
(J) For units of specific energy per degree.
t1 te et
Miltiply by eppropris i abs. 3/g °C tnt. 3/g OC cal/g °C I. 7.8 cal/g OC Btu/1b OF
1 n1- 4/ On - N annfrx N nIonng n AaxA9ho A Az00LN
L BUDe J/i v L L2 ] Ve RJIWWID Vel Y-l ]
1 int. /g °C 1.000165 1 0.235045 0.238889 0.238889
1 cal/g °C l,1840 L.,1833 1 0.599346 0.999348
11. 7% caifs %0 L,1867h L.18605 1.00065h ] 1
1 Btu/1b °F L,18674 4.18605 1,000654 1 1

®1I. 1., Imternntional Stesm Tebles.
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TABLE 18,- CONVERSION FACTORD TO FREQUERTLY UHED WMITS - Conoluded

(k) For urite of vissoslty

ﬁ%ﬁ Conipotae Totss | gy ses m? [Iop sao 10,2y oo £68 | Tbp b 10, | 1y i 248 | gy secd culi Ty ot 4, ity -t £-2atug wood 10,1 aing b 4L
Contipaive 1 1x 1072 |1.0197 % 10-9|a.ksolk x 10°7[0,0886 x 10-7{4.0a89 x 10-14#.8m6 2079 | 1 x 202 | mme98 x20?| zhas 1703 x 206 |7.5188 x 1070
Foisa 1 x 102 1 1.0197 x 1072[1.h504 x 1072 |2,0808 x 1073|4,0289 x 2077 |5.0016 « 1077 1 5,9990 x 10" [2.4161 x 20% | 1.7409 x 107 7.5188
gy e o2 9.8087 x 10% | 9.806T x 102 1 L.hash % 10°BF 2,046 5.9m0 x 1076 |5.6895 x 10°* | 5.8067 x 208 5.k516 45T %107 | L7068 x 10§ 7,57 x 109
by woc in8 16,8087 x 106 | 6,887 x 16* |7.0m08 x 20 1 b 1e00 12 102 |2,7778 x 1074 [4.0000 w 2077 | 6,807 20" | 3.8608 x 102 1,669 w207 | 1,000 x 10 | 5.1840 x 107
15; veo 1w [n.7B00 x 20% [ £.7860 x 10° |4,8023 x 10-2[6.0Mnp x 107 1 29090 x 106 |o.778 x 207% [ hot80 x20% | esm1e 11983 %20 | 8.3 x 202 | 3.6000 x 107
1y br 02 2.1 x 200 2. bet x 208 Je.7310 x 207 [3.6000 x 207 [5.180 x 109 X 1000 x 207 Johea x 107 | 13869 x 105 [6.000k x 2010|3199 w20t | 1.8662 x 209
g br es®  JL7es7 x 0% | 17257 x 16% |17oTT % 20 Jmnoon 200 [p600n x 10 |65 x 2073 1 1727 x 105 | 9.652k x 207 |K.1698 x 108 | 3.0000 x 20 | 1.2960 x 207
£y oo ot 1 %107 1 ,1.0191' x 207150k x 2077 [2.0886 x 10 [h.0205 x 20F 386 x0T | | 5353 x 1077 [2.MagL x 108 | 1.7w08 x 20°% 7.5183
1y oo™l tn.d 11,7058 x 20% | 1,785 x 102 [1,8210 x 1071 12,5901 x 2073 [5.7898 x 2072|7.2548 x 1-T |1.0360 x 107 | 17858 x 202 1 oo x20% | 3108 %2078 | 2,zka xm-!'
I, seelrt7l 14882 x 207 1080 x 207 [1.m73 x 207221585 x 207 [5.1083 x 105,995 x 108 |6.653 x 105 | 109 x 10 | B335 % 20°% [3.6000 x20° { 2302 x 207 | 1.1 20®
oy bl amt | kgeos  [h.9s0m x 20°2n.0me x 1070170987 x 1077 L0961 x 107 [1.5963 x 107202, BT79 x 2070 5.9608 x 20°2] 2.7778 x 20°% [1.2000 x 100 | €.6537 x 1076 [3.7297 w2072
Ty mel et 52338 x ﬂ 5139 x 167 [v.m32 x 105 9957 x m'arwm x 107516657 x 171 Fm x 10 | n126 %